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APPENDIX A

PROBLEM IDENTIFICATION

INTRODUCTION

Major physical problem areas associated with, winter navigation on

the Great Lakes and St. Lawrence Seaway system involve four -rincipal

water navigation areas: (1) navigation channels, both interlake and

on the St. Lawrence River, (2) harbors, (3Y locks, and (4) open lake

courses. They are affected by a wide variety of icing conditions.

Ice in the connect-ing channels and river channels severely limits

vessel movements, especially at channel bends in restricted areas and

where ice booms have been placed to control ice movement. Icing at

harbor entrances, in harbor turning basins, in channels, and at

vessel berthing and docking areas hampers vessel maneuverability.

Ice interference with lock operations is a major problem. Open lake

ice and ice in the connecting channels presents a danger to shipping

because of the possibility of structural damage to vessel hulls.

In addition, there are significant associated areas of concern.

These are: (1) shore erosion and shore structure damage, (2) island

transportation, (3) safety and survival, (4) the effect on personnel

operating the vessels and locks, (5) movement of oil and other

hazardous substances, (6) the possibility of unforeseen effects of

winter navigation on hydro-electric power generation, (7) the

potential of effects of winter navigation on the water levels and

flows, (8) the liability aspects of winter navigation, (9) the

international aspects of winter navigation, (10) high insurance

ratds, and (11) the elimination or mitigation of environmental

damages, and/or compensation for the unavoidable resultant damages.
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CANADIAN CO-PARTCIPATION C-
Canadian interest in the Navigation Season Extension Program has

been demonstrated in several ways. A Canadian observer has been

represented cd the Winter Navigation Board since its inception. The

Canadian Coast Guard and United States Coast Guard have prepared and

distributed Joint Icebreaking Agreements for the past several years,

resulting in Canadian icebreaking support for participating vessels.

Canadian vessels have been sailing during past extended seasons under

the Demonstration Program in significant numbers. Thirteen Canadian

companies sailed 62 vessels during the 1977-78 extended season. The

St. Lawrence Seaway Authority of Canada has undertaken a number of

improvements in Canadian reaches of the St. Lawrence River which have

enhanced shipping operations during mid-December and early spring

periods.

Formal Canadian co-participation does not yet exist. Further

coordination with Canadian agencies may be initiated upon signal from

the Congress, such as passage of some new season extension

authorization or when determined propitious by the Administration. A

precise date for such actions cannot yet be determined, but the

beginning of operations on International portions of the system would

depend on consultation with the Canadians.

PHYSICAL SETTING

While existing Federal legislation does not prohibit system-wide

winter navigation, the Great Lakes-St. Lawrence Seaway System has

traditionally been closed to navigation or forborne by shippers from

about mid-December until early April. However, a long history of

localized, intralake winter navigation does exist in some areas. The

physical description of the region tributary to the Great Lakes-St.

Lawrence River system, along with general ice conditions and ice

A-2



problems- experienced prior to the Demonstration Program, are given in

the following paragraphs. Significant environmental effects,.both

favorable and unfavorable, of implementing the navigation season

extension program, are addressed in Appendix F, Environmental.

Description of the Great Lakes-St. Lawrence Seaway System

The Great Lakes-St. Lawrence Seaway system shown on Figure 1

extends from the westerly end of Lake Superior to the Gulf of St.

Lawrence on the Atlantic Ocean, a distance of more than 2,000 miles.

The five Great Lakes....Superior, Michigan, Huron, Erie and Ontario,

with their connecting rivers and Lake St. Clair, have- a water surface

area of about 95,000 square miles. The lakes lie partly within both

the United States and Canada except for Lake Michigan, which lies

wholly within the United States. The total area of the Great Lakes

Basin, both land and water, above the easterly end of Lake Ontario is

approximately 296,000 square miles, of which 174,000 square miles are

in the United States and 122,000 square miles are in Canada. Table 1

displays descriptive data on the Great Lakes. The Great Lakes and

their connecting channels have a controlling navigation depth of 27

feet (Figure 2).

In this climatlc zone, where the period of freezing temperatures

is normally not long enough to cause a lake-wide ice sheet to form,

the stages of ice formation and melting sometimes go on

simultaneously at different points. The effects of winds, currents,

and upwelling upon the ice-cover cause rapid changes, making

predictions of ice thickness and distribution difficult,

There are two general types of ice-cover that are formed on the

Great Lakes: ice formed by the rapid freezing of surface water in

the absence of wind and snow, called sheet ice; and ice made of fused

individual ice pieces, generally referred to as agglomeratic ice.

A-3
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Agglomeratic ice dsually contains ice of various ages combine.

-i with snow masses that have been welded together by new lake ice and

is formed when warm weather allows the breakup of thin, young sheet

ice.

Ice-cover on the lakes first occurs in the sheltered bays and

harbors and in a narrow fringe along the shoreline. The effects of

winds, currents, and upwelling upon the ice-over causes it to change

rapidly because long fetches across the lake surfaces allow the wind

and wave forces to attain considerable strength. As the ice-cover

moves and changes, it rafts and forms ridges that in some areas reach

a height of 25 feet. Lake ice thickness normally varies from a few

inches to three feet or more in protected areas.

Ship traffic between Lakes Superior and Huron is halted with the

seasonal closing of the Soo Locks. Similarly, navigation stops

between Lakes Erie, Ontario, and the Atlantic Ocean with the closing

of the Welland Canal and St. Lawrence Seaway.

Some navigation does continue year-round in localized areas and

is only halted during the most severe winter conditions. For many

years automobile and railroad car ferries have operated across Lake

Michigan between ports in Michigan and Wisconsin. Railroad ferries

operate across the Straits of Mackinac, the St. Clair River and also

the Detroit River. Car 4erries operate in the St. Marys and St.

Clair Rivers. There are daily tug-barge fuel deliveries between

Sarnia, Ontario, on rhe St. Clair River and power plants on the

Detroit River. Similarly, coal deliveries continue between Toledo,

Ohio, in western lake Erie and power plants along the Detroit River.

There have also been instances at the Soo Locks, prior to the

Navigation Season Extension Program, of transit being continued into

the winter beyond the traditional closing of mid-December. Under

extraordinary circumstances, such as strikes in the steel industry

during 1956 and 1959, or at cimes of national emergency, such as

A-7



I: December 1944-January 1945, lock operations were maintained to

accommodate urgent shipping needs. Regulations have been in

existence at the Soo to permit such action when authorized by the

Division Engineer. During the period 1965-1970, the Lake ;Carriers'

Association requested each season to have lock operations continued

into late December and then January. These requests were approved.

By the 1970 season, for instance, shipping in the winter continued

through January 29, 1971, which permitted 152 transits to be made

through the locks after the traditional closing date. As & result,

1,423,612 net tons of additional cargo were shipped, consisting

primarily of iron ore and grain. This amount was roughly equivalent

to the tonnage moved over an average three day period at midseason.

In this way, a modest expansion of the shipping season was already

resulting in increased winter transit activity at the Soo prior to

1971 and the introduction of the Navigation Season Extension

Demonstration Program.

Prior to the Navigation Season Extension program, Coast Guard

vessels were generally engaged in icebreaking activities in early

winter and .Dring, primarily to assist in keeping navigation channels

open for vessels operating in ice conditions prior to and immediately

following winter lay-up. This is consistent with the 1936 Executive

Order to the Coast Guard directing "the Coast Guard to assist in

keeping open to navigation by means of icebreaking operations,

insofar as practicable and as the exigencies may require, channels

and harbors, in accordance with the reasonable demands of commerce."

An important part of Coast Guard winter support operations

preceding the Navigation Season Extension Program was the

establishment of command areas in the upper four Great Lakes.

Designated as Coal Shovel, Oil Can, and Taconite Commands, these

organizational structures served to facilitate communications between

the Coast Guard) home port offices, and vessels on the lakes, and to

coordinate icebreaking resources in the most effective manner.
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Operation Coal Shovel continues to cover Lake Erie, the Detroit

River-Lake St. .Clair-St. Clair River, and south and central portions

of Lake Huron. Operation Oil Can covers Lake Michigan, and the

Taconite Command is concerned with the southern half of Lake Superior

and the northernmost portion of Lake Huron.

Search and -rescue missions on the Great Lakes during winter

months consisted almost entirely of individual incidents related to

ice, such as rescuing fishermen adrift on ice floes and persons

falling through thin ice in harbors and bays.

Navigational aidswithin the major rivers and harbors,

particularly lighted buoys and radar reflector unlighted buoys, are

removed by the Coast Guard during late November and December to

prevent damage and/or loss caused by winter ice. Some of these were

replaced with smaller, unlighted buoys that were subject to being

submerged or carried off station by moving ice.

Winter data collection relating to overall ice conditions and

dissemination to shippers did not exist. Local ice information was

relayed upon request by local Coast Guard and harbor master

installations. Weather forecasts for the open waters (more than five

miles from shore) were discontinued during the winter season. The

season was formally opened and closed each year after consultation

between the various National Weather Service units involved and the

Lake Carriers' Association. A limited forecasting service for small

areas which had car ferry or fishing activities was continued through

the winter. A forecast for the opening of navigation was released by

mail on the first Monday in March, and updated each subsequent Monday

until all significant ice was gone.

Lake Superior (Figure 3) is the largest of the lakes, with a

length of 350 miles and a maximum width of 160 miles. Compared with

the other Great Lakes, its surface is more elevated above the sea

A-9
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(600 feet),, is more irregular in outline, has deeper water (maximum

depth 1,333 feet), more fog, more sheet ice, and less rain.

This lake has a large heat storage capacity; hence, winds, waves,

and'currents, acting together with the stored heat energ&, have a

pronounced effect upon the ice-cover. Upwelling-currents change the

extent and distribution, and cause melting wherever they come in

contact with the ice-cover, even though air temperatures are below

freezing.

Under normal climatic conditions,, the period of ice formation

begins in January and continuesto maximum accumulation about the

last week of March. The northern location and the ice season

duration give Lake Superior the thickest ice-cover of all the Great

Lakes. Ice thicknesses in excess of 40 inches are common in many

harbors along the north shore. The composition of the ice-cover

ranges from fast, thick, winter ice and areas of consolidated young

ice and pancake, to vast areas of pack ice made up of fields and

floes of drifting brash and cake ice.

There are seven major U.S. harbors located in Lake Superior as

shown in Figure 3, underlined, and described below.

Taconite Harbor, Minnesota, is located just northeast of Two

Harbors, Minnesota and about 76 miles northeast of Duluth, Minnesota.

The harbor is privately owned and maintained by the Erie Mining

Company and is used primarily to ship out taconite pellets and ship

in coal (by that company). The harbor has two entrances. Prevailing

westerly winds and a northeast shore current tend to flush harbor ice

out of the eastern entrance and keeps the harbor area open much of

the winter. Ice thickness rarely exceeds four inches in the harbor

and docking areas. Year round navigation has occurred since 1973-74

at this harbor, except for a brief period in 1977.

A-lI



Silver Bay, Minnesota, is Idated about 55 miles n6rtheist of

Duluth, Minnesota. It is a prlvate harbor:, owned and maintained by

Reserve Mining Company and used primarily to ship out taconite

pellets and ship in coal. 'The harbor and surrounding area remains

open most of the winter. Predominant winds drive lake ice :-shore

for several miles. Ice thickness can reach 14 inches but rarely

exceeds six inches in the harbor and docking areas. -To date, the

harbor has not operated on a year round basis.

Two Harbors, Minnesota, is located on Agate Bay, a natural

indentation about 3/4 mile long and 1/2 mile wide on the northwestern

shore of Lake Superior. Iron ore and taconite are the major products,

shipped from this harbor. Predominant northwesterly winds tend to

blow lake ice away from the harbor which keeps the entrance area

ice-free most of the winter. Before year round navigation started in

1974-75, the harbor closed for the winter and ice thicknesses along

the north face of the ore docks would develop to a depth of 24 to 30

inches.

Duluth-Superior Harbor is located on the border between Minnesota

and Wisconsin at the extreme western end of Lake Superior. The

extensive dock facilities and magnitude of commerce make the harbor

one of the most important on the Great Lakes and in the Nation.

While providing excellent protection from sumner storms, it is a

rather poor winter harbor. Its shallow depth and the prevailing cold

temperatures foster rapid ice growth that can reacha thickness of 30

inches. In addition, the adjacent lake area is subject to wind blown

rafting that can extend out from the harbor for several miles. At

present, the harbor does not normally operate later than mid-January

because of severe winter conditions.

Ashland Harbor, Wisconsin, is located about 60 miles east of
Superior-Duluth Harbor. The harbor is in a relatively well

protected, shallow bay. Ashland experiences the coldest weather of

A-12



any harbor on the Great Lakes and consequently develops a very heavy

ice and snow cover that remains until late spring. Normally the

harbor is closed in winter. During the regular season the harbor

primarily receives coal for the local power plant. Limestone is the

only outgoing commodity.

Presque Isle Harbor, Michigan, is located on the south shore of

Lake Superior about three miles north of Marquette, Michigan. The

harbor is well protected from prevailing northwesterly winds by

Presque Isle Point. Major commodities shipped during the regular

season are incoming coal and outgoing taconite pellets. At present,

the harbor is closed from mid-December to early April. Ice thickness

may reach 30 inches in the harbor and dock areas. A level, stable

ice cover generally exists in and around the harbor area throughout

the winter.

Marquette Harbor, Michigan, is located on the south shore of Lake

Superior adjacent to the City of Marquette. The harbor has a basin

area of about 350 acres and is well protected by shoreline to the

west and north and by a breakwater on the east. Major commodities

shipped during the open water season include coal, lignite, slag, and

local commodities (fish). Coal is primarily brought in for the

city-owned steam generating plant, which is currently under expansion

and is scheduled for completion in the latter part of 1981. Coal is

stockpiled during the winter months of December through March. A

level, stable ice cover, that rarely exceeds 2 feet in thickness,

generally exists in and around the harbor area throughout the winter.

A small area of open water is usually evident in the vicinity of the

discharge from the power generating station.

St. Marys River: The St. MaiTs River, shown in Figure 4, is the

only outlet of Lake Superior and water leaves the lake at Point

Iroquois, flowing in a general southeasterly direction through

several channels to Lake Huron, a distance of 63 to 75 miles,

A-13
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depending on the route traversed. Traditionallyi navigation ceased

about 15 December and did not resume until late March or early April.

The Division Engineer, North Cential Division, Corpsof -Engineers,

makes the decision as to when the Soo Locks will be closed to

navigation, based on reasonable demands of commerce. Winter months

are used to dewater and perform regular maintenance oiv'the lock

facilities.

Shifting ice fields occur naturally in Whitefish Bay and Detour

Passage as a result of changing wind and weather conditions. With

navigation ceasing inmid-December, shipping experienced little

difficulty in transiting these areas unless there was an early

winter freeze. In the Detour Passage area, floe ice is frequently

blown from Lake Huron into the Passage area in the vicinity of the

Drummond Island ferry crossing, causing periodic problems to ferry

operations.

Flow through the St. Marys River is completely controlled in the

mile-long reach between the Cities of Sault Ste. Marie, Michigan and

Ontario, shown in Figure 5. Originally this area was a series of

rapids that held Lake Superior at an elevation about 21 feet higher

than Soo Harbor. A combination of four U.S. locks, two U.S. power

plants, one Canadian lock, and one Canadian power plant utilize a

minimum flow of about 55,000 cubic feet per second (cfs) (See

Table 2 for the principal features of the locks). Excess flow is

discharged through a gated control structure located Just upstream of

the remaining rapids. The International Boundary bisects the 16-gate

control structure. Each gate is 55 feet wide and lifts vertically

between eight feet wide stone and masonry piers. A minimum of 1/2

gate open is maintained under low flow conditions for environmental

reasons in the rapids area.

Flow through the lower St. Marys River has been completely

regulated since 1921 by the International Lake Superior Board of

Control. A controlling factor is the level of Lake Superior which,
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Table 2.
PRINCIPAL FETURES OF LOCKS, ST. MARYS RIVER

Lock
Principal Features MacArthur Sabin Davis Poe Canadian

Width, feet 80 80 80 110 59

Length between mitre 800 1350 1350 1200 900

sills, feet

Depth on upper mitre 31 24.3 24.3 32 16.8

sill, feet

Depth on lower mitre 31 23.1 23.1 32 16.8

sill, feet

Lift, feet 22 22 22 22 22
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by International agreement, is not to exceed a maximum elevation of

602.0 feet, International Great Lakes Datum (IGLD 1955). Minimum (
elevation may vary, but generally is maintained about 600.0 feet

IGLD.

Because of the difficulty in moving control gates during winter

conditions, gates are generally pre-set prior to freeze-up to allow a

constant outflow 'during the winter months based on predicted Lake

Superior levels. Experience has also shown that flows in excess of

85,000 efs have resulted in an unstable ice cover in Soo Harbor,

causing ice jams to form in Little Rapids Cut. The control gates can

be moved in winter, but require extensive steaming and chipping to

loosen ice that forms in the gate guides. This is done only in

emergency situations.

A principal problem in the Soo Harbor, prior to the Demonstration

Program, was loss of power due to a reduction in operating hydraulic

head (i.e. raising of the power plant tailwater level) caused by ice

jams downstream in the Little Rapids Cut. In one instance, during

December 1951, flooding caused damage along the St. Marys River and

almost flooded the Edison Sault Plant. With the exception of the

December 1951 incident, damage due to flooding has beer. prevented by

emergency movement of gates in the compensating works.

Ice booms are placed at the head of the power canals upstream of

the power plants to prevent ice from flowing in the power intakes

structures. Periodically, ice would pass under the booms,

particularly during the spring breakup period, and partially plug the

grates of the intake structures. The fast velocity of the water

would eventually erode the ice away on the grates.

The ice conditions immediately upstream of the lock gates had

caused problems prior to the close of navigation in mid-December and

early spring. Ice formed by early winter or that remaining at spring
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opening, was, broken 'by wind, waves, ;cur-rent,, or ship ;traffie and

pushed and drawn intb the -lock entrance -areas. --Pening of the upper
IT gates was restricted by ice packed in the lock approaches, ofte i.

delaying the transit 6f vessels -until gates could be fully opened.

These problems were short-lived since the locks were closed for the

main part of the ice season. Similar problems existed at the

downstream loik entrance as .harbor ice backed, up to the lock gates or

-was packed into the area due to fldshing of 'ice from the lock

chambers-.

The lacrthur Lock was normally dewatered from mid-December to

1 April and, therefore, no problem existed with ice removal from the

lock. The larger Poe Lock, size 1,200 feet x 110 feet, was put into

service in 1969 and has transited vessels for extended season

navigation prior to the Demonstration Program. Vessel passages were

< slowed considerably by ice being pushed into the lock by the vessels,

and often a separate locking action was required to remove ice from

the lock chamber before a vessel could enter.

The collar of ice that formed around the lock walls between

lockages was not a problem, as few vessels transited the locks during

the winter season. Also, large width vessels were not in use, and

the effect -of crushed ice coating lock walls did not exist.

Increased' iear and maintenance needs on the lock gates, valves,

fender booms and related equipment have been noted during the short

periods of ice operations prior to normal closing 15 December and

after opening 1 April. Corps of Engineer floating plant equipment

did not operate during the heavy ice conditions, 20 December to 25

March, and consequently did not encounter ice operation problems.

Ship traffic through the locks is controlled by the Chief

Lockmaster on duty in the canal tower. Policy is that of first come,

first served, unless extenuating circumstances prevent normal

procedure.
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Vessel traffic control was, and still is, provided -by the U.S.

Coast Guard in the St. ,Marys River to prevent collisions, rammings,

and. groundingso and- to expedite traffic movement.

Social problems involving lock operation personnel had normalized

prior to the extended season. Personnel. used the clpsed season 15

December to 1 ,April to-make use of their annual leave (vacation)

time. T[iey also were not exposed to continuous extreme weather and

ihazardous working conditions. Also, diving operations were

accomplished during the summer months with an occasional dive being

required during lock lay-up and fitting out.

Of particular interest in the St. Marys River a;ce the islands

which are inhabited year-round, namely, Sugar,, Neebish, Lime, and

Drummond Islands. Regular access to these islands is by ferry or

private boat during the open water period. Year-round ferry service

is provided to Sugar and Drummond Islands. Winter access to Neebish

and Lime Islands is over the ice when it is strong enough to support

foot or snowmobile traffic.

Sugar Island, located just downstream of Soo Harbor, is about 15

miles long with a maximum width of 8-1/2 miles. The island has about

450 permanent residents. Travel to and from the island is by a

single ferry with a capacity of 12 automobiles. During the winter

season the ferry transports about 60 autos per day. In addition, the

ferry transports the school buses for about 50 children attending

schools on the mainland, as well as trucks supplying provisions and

fuel oil to the island.

Prior to the extended navigation season, the ferry would suffer

occasional dii ruption to service when wind or thaw conditions would

break ice in Soo Harbor and temporarily fill the ferry track with

ice.
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LUnder normal winter conditions, thin ice generated in Soo Harbor

would partially, fill the Little Rapids Cut after Lake .Nicolet became

ice covered. As ice thickness increased, an ice bridge would form at

the lower end of Soo Harbor, arching across the entrance to Little

Rapids Cut,,just upstream from the Sugar Island ferry crossing.

Current velocity and repeated ferry crossings would keep a narrow

band of, water open in this area throughout most of the winter, but

when ice blockage would occasionally occur, the Coast Guard would

undertake icebreaking until a new ferry track was re-established.

Neebish Island is about four miles long and two miles wide and is

located just downstream from Sugar Island. It is bounded on the

Canadian side by the upbound Middle Neebish Channel and on the United

States side by the downbound West Neebish Channel. The island has a

number of summer homes but has a small winter population of 30 to 50

residents.

The West Neebish Channel is about 9,000 feet long and 300 feet

wide. About one mile of the channel is rectangular in shape and cut

through rock, an area commonly called the Rock Cut.

Traditionally, any winter navigation is restricted to the Middle

Neebish Channel. The U. S. Coast Guard announces when the West

Neebish Channel will no longer be used, based on potential problems

including those encountered by th- Neebish Island ferry with early

ice. Once the channel closed, since ferry service is discontinued,

Island residents would travel back and forth on the ice just upstream

and downstream of the Rock Cut Channel. Downbound ship traffic was

diverted to the Middle Neebish Channel and controlled by the Coast

Guard at Sault Ste. Marie until traffic stopped for the winter.

Traffic control is necessary to allow only one-way traffic at any
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given time. One problem with downbound loaded traffic in the Middle

Neebish is the difficulty in negotiating the tight turns,

particularly with one-half of the channel dredged to- only 21' feet.

Care must be taken by vessel operators to remain in the half of the

channel dredged to 27 feet. Vessels also have less steerage control

downbound than upbound because of the current.

Lime Island, located about 35 miles downstream from Sault Ste.

Marie, is separated from the mainland by three miles of water. The

activity on this U.S. island is the operation of a fueling station

for freighters which stop during the regular season and general

maintenance during the winter. About ten adults, employees and

relatives of the company's employees, live on the island during the

winter months to maintain the island facilities. Transportation to

the island is by small tug boat during the regular navigation season,

before the formation of heavy ice, and by foot or snowmobile after

ice has formed. Island residents were without access to the mainland

for a short time between the passing of the last commercial vessel

and ice cover reaching sufficient thickness to safely carry

pedestrians and snowmobiles in early winter and during the spring ice

break-up period.

Drummond Island is located at the lower end of the St. Marys

River where it enters Lake Huron. It is separated from the Michigan

mainland by the mile-wide DeTour Passage. The island supports the

Drummond Dolomite Quarry, summer recreational facilities, and about

600 permanent residents. One ferry operates on a regular schedule

during the open water period and a second ferry is placed into

operation during peak hunting and fishing seasons. The smaller ferry

is capable of minor icebreaking and is utilized throughout the

winter. Ferry traffic is occasionally disrupted by ice floes which

1jam in the Passage, particularly when Lake Huron Ice is blown into
the area by southerly winds. Wind also blows loose ice against the

shoreline and into the ferry slips which occasionally hampers docking

ope rations.
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'Shoreline erosion during the winter months did not appear to be a

problem along the' St. Marys River because of the frozen condition, and

ice armoring along, the shoreline. Sediment transport continued, but,

at a reduced rate in lmost areas due to normally lower winter flow

rates.

Disruption of the shoreline generally occurred during the spring

break-up period. As the shoreline warmed with spring approaching,

some shorefast ice would break away, tearing vegetation frozen in the

ice, and causing some bottom scouring. Some ice would also dig into

the shoreline and shallow bottom areas. Shore erosion is an

all-season natural phenomena with many possible causative factors,

including high water, natural spring breakup, and vessel wave wash.

Definition of causative factors is very difficult without a site-by-

site analysis over an entire year or several years.

There are numerous docks and shore structures adjacent to the

navigation channel between Soo Harbor and Lake Munuscong (Lake Huron

elevation). Disruption of shore structures would occur at any time

during the winter months without navigation. As the shoreline warms

with spring approaching, large quantities of ice move in mass in the

river and damage some shore structures by the lateral forces

generated by the moving ice. Shore structure damage would also occur

ehen pilings, frozen in the ice, were lifted vertically by changing

water levels.

Winter recreation includes primarily icefishing and snowmobiling

on the ice along the St. IMrys River. Without winter navigation, any

disruption to these activities was only due to natural conditions,

such as winds causing shifting ice conditions, periodic warm weather

thaws, and spring breakup.
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Prior to winter navigation, certain winter navigation stated

problems did nt exist or were considered minimal. These include

bottom scour and ship induced turbidity, vibration of shore

structures, maintaining vessel tracks in heavy ice fields,

negotiating tight turns in ice clogged channels, and winter

navigation disruption to wildlife migration. These and other problems

will be discussed under extended navigation season conditions.

Lake Michigan: Lake Michigan (Figure 6), because of its

north-south orientation and 300 mile length (118 miles maximum

width), can have ice formation and deterioration simultaneously. The

period of extensive ice formation begins about the last week of

January and continues until around the third week of March. During a

severe winter, ice may cover 100 percent of the surface. Generally,

the northern half of the lake contains the heaviest ice -concentration

throughout the winter.

The circular surface current patterns of the southern basin

distribute drifting floes along the shore, and even during a mild

season, the drift ice is consolidated and can extend from shore out

into the lake a distance of 10 to 15 miles. The distribution of ice,

particularly pack ice, is primarily governed by wind and current

patterns.

Some winter shipping occurs in the southern half of the lake with

oil and petroleum produc. !eliveries to Michigan and Wisconsin ports

from refineries located near Chicago.

Lake Michigan and the Straits of Mackinac have a major network of

railroad, freight, and auto ferry services. The greater part of this

service stops during January, February and March.

The Ann Arbor R.R. and Auto Ferry will operate on an unscheduled

basis during the winter across Lake Michigan between Frankfort,

Michigan, and Kewaunee, Wisconsin, as conditions permit.
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Thi, Chesapeake and Ohio R.R. and Auto Ferry provides unscheduled

winter sailings acro.s Lake Michigan between Ludington , Michigan, and

both Manitowoc and Milwaukee, Wisconsin, as conditions permit.

A short-run ferry service between Gills Rock, Wi".zonsin, and

Sashington Island, Wisconsin, operates one ferry iuring the winter,

when conditions permit.

Lake Michigan Harbors: There are 14 major harbors in Lake

Michigan as shotn and underlined in Figure 6, and described below.

Port Inland Harbor, Michigan, is a private haibor owned by the

Inland Limestone Company. The harbor is located in northern Lake

Michigan and is closed during the winter months. A stable ice cover

up to two feet thick forms within the harbor. The area outside of

the harbor is usually ice free due to prevailing winds which break up

the ice as it forms and blows it south into the lake.

Escanaba Harbor, Michigan, is situated on the west shore of

Little Bay de Noc in northern Lake Michigan. The harbor and bay

usually freeze to a solid uniform ice cover reaching a thickness up

to three feet. This condition generally remains stable throughout

the winter. In spring, the entire ice sheet is usually blown south

into the lake - sometimes in a single day.

Green Bay Harbor, Wisconsin, located along a 3.5 mile reach of

the Fox River, has 37 docks which are used to ship a wide variety of

products, including oil, soap, cement, and paper. Na, . usually

ceases in mid-December and resumes in late March. Ice in the harbor

and along the docks generally forms a uniform cover 18 to 24 inches

thick. The main area of Green Bay is subject to ice ridges and

windrowed ice from the predominant northwesterly winds throughout the
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w".nter. The entrance to the harbor generally remains open because of

a, thermal discharge from the local sewage treatment plant.

Port Washington Harbor, Wisconsin, is located on the western

shore about 29 miles north of Milwaukee. The harbor is usually ice

free due to a thermal discharge from the local power plant. The area

outside of the harbor is usually ice free due to the predominant

offshore winds.

Milwaukee Harbor, Wisconsin, is a large port area which has

traditionally been used by car ferries and local tankers throughout

the winter. The predominant westerly winds tend to keep the western

shore of Lake Michigan, including the harbor area, ice free most of

the winter. Frequent ship traffic keeps a track open within the

harbor where refrozen brash is generally less than six inches in

thickness.

Chicago Harbor, Illinois, has both an outer and inner basin. A

lock and control works allow access to the inner basin and the

Chicago River and Chicago Sanitary and Ship Canal. The river and

canal usually remain ice free throughout the winter. Ice conditions

in southern Lake Michigan change rapidly with prevailing winds.

Occasionally, ice pieces will pack up to 15-20 feet thick and extend

20-25 miles out from shore4 This condition is transient and may last

from a few hours to several days until winds shift or lessen in

intensity.

Calumet Harbor, Illinois & Indiana, is located about 12 miles

south of Chicago Harbor. Ice conditions in the lake are similar to

Chicago Harbor. Wind blown ice will temporarily compact up to 20

feet and extend into the lake for miles until there is a shift or

change in wind intensity. Ice in the Calumet River rarely exceeds

six inches but may grow up to two feet thick in Lake Calumet.
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Traditionally, there has been year-round barge traffic in the Calumet

River and to southern Lake Michigan ports..

Indiana Harbor, Indiana, located about seven miles southeast of

Calumet Harbor, consists of an inner and outer harbor. The entire,

harbor and canal is usually ice free due to a thermal discharge from

Inland Steel. Ice conditions outside of the harbor are typical of

southern Lake Michigan. Wind driven pack ice can extend into the

lake for miles, lasting for periods of several hours to several days.

This condition can occur several times throughout the winter.

Buffington Harbor, Indiana, is a private harbor owned by the

Universal Cement Division of the U. S. Steel Corporation. Because

this harbor handles limestone primarily, it does not normally operate

during the winter period, mid-December to late March. Ice conditions

at the harbor entrance are directly related to general ice conditions

in southern Lake Michigan. On-shore winds will temporarily windrow

ice up to 20 feet in depth that may extend up to 25 miles into the

lake. The condition is transient and rarely lasts more than two days

until winds shift and allows the pack to loosen or drift into the

lake.

Gary Harbor, Indiana, is generally ice free most of the winter

because of a thermal discharge from the local steel mills. The area

outside of the harbor is subject to wind blown ice jams similar to

those described above. These conditions average two days in January,

four and one-half days in February and seven days in March with an

average duration of one and one-half days and maximum duration of

five days.

Burns Waterway Harbor, Indiana, normally is open year-round to

tug-barge traffic. There are few ice problems in the harbor. Most

problems occur in the lake with wind driven pack ice temporarily

blocking the harbor until there is a shift in the wind. This

condition usually lasts one to two days and occurs several times

during the winter,
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U Grand Haven Harbor, Michigan, is located in the mouth and lower

portion of the Grand River in southern Lake Michigan. During periods

when pack ice is blowing towards shore, broken ice will enter the

harbor and build to a thickness of three to eight feet, extending up

to o-he mile into the harbor. Above this point, the ice cover is

stable, reaching a thickness up to 18 inches. Depending on wind

speed and. duration, windrowed ice can jam up to 12 feet thick in the

lake and harbor entrance. This problem is usually transient, but may

persist from several hours to several days.

Muskegon Harbor, Michigan, is located in Muskegon Lake, just

inland frcm Lake Michigan. Entrance into the harbor is through a

200-foot wide channel protected by breakwaters extending into Lake

1ichigan. Car ferry steamers traditionally operate between Milwaukee

and Muskegon Harbors. The ice in Lake Muskegon is generally uniform,

growing up to two feet thick outside of the navigation track. Ice

conditions at the harbor entrance and into the lake are typical of

other southern Lake Michigan areas. Wind driven ice may temporarily

build up to 15 feet in thickness and extend into the lake for miles.

A wind shift will usually clear the area or loosen the ice pack.

Ludington Harbor, Michigan, is located in Pere Marquette Lake

just inland from the Lake Michigan shoreline. The outer basin in the

lake is enclosed by two converging breakwaters. Car ferries

traditionally operate year-round averaging four transits per day.

Ice can grow to two feet thick in the harbor and connecting channel

outside of the navigation track. Ice conditions at the harbor

entrance are similar to other harbors in the area. Pack ice will be

temporarily blown into windrows, extending for several miles into the

lake, until winds shift and loosen the jam.

Straits of Mackinac: The Straits of Mackinac, shown in Figure 7,

connect Lakes Michigan and Huron. The narrowest portion between the
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upper and lower peninsulas of Michigan is about 4-1/2 miles across.'
The normal flow is from Lake Michigan to Huron, but the area is broad

and deep, and both lakes have the same water surface elevation. The

area is generally covered with shifting ice throughout much of the

winter.

Prior to the completion of the Mackinac Bridge in-1959,
auto-passenger ferries would operate on regular schedules year-round

across the Straits. The CHIEF WAWATAM, a large railroad car ferry,

continues to operate year-round between Mackinac City and St. Ignace.

Lake Huron: Lake Huron, (Figure 8), has a north-south

orientation similar to Lake Michigan, but is considerably wider

(maximum width 183 miles) and has a cooler, more uniform temperature

differential over its 206-mile length. Traditionally, navigation

ceases on this lake during the ice season from mid-December to late

March.

Lake Huron has large areas that are protected from deep lake

currents with Georgian Bay tending to react to ice formation as an

individual lake. Lake Huron proper has three areas that form and

accumulate extensive ice-covers early in the season: the Straits in

the north; Saginaw Bay; and the southern basin in the Port Huron

areat

During a normal ice season, 60 percent of the lake becomes ice-

covered. In a severe winter, the lake may become 80 percent ice-

covered. In 1979, the lake became 100 percent ice-covered for the

first time on record. The southern basin, because of the surface

current pattern, collects large amounts of drifting ice that can

become concentrated at the entrance to the St. Clair River near Port

Huron.
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The reiaainLder of the lake usually contains areas of drifing

floes, brashi and cake ice, with the deep central area remaining

almost ice-free. The lake clears rapidly of ice in the spring'and,

usually, by 5 April, only the north channel; the Straits of Mackinac,

and Saginaw Bay contain any ice-cover.

The, shallow water of Saginaw Bay loses heat rapidly and is

usually the first area to form ice in winter and last to open in the

spring. Popular winter activities include ice fishing and

sno nmobiling on predominantly flat, stable ice cover. A navigation

channel is dredged throughout the length of the bay to harbors in

Saginaw and Bay City.

Lake Huron Harbors: There are six major harbors in Lake Huron as

shown in Figure 8, underlined, and described below.

Drummond Island Harbor, Michigan, is located in DeTour Passage,

the outlet of the St. Marys River, in northern Lake Huron. The

harbor is primarily used during the open water season to ship

limestone, sand, gravel, ind crushed rock from the Drummond Dolomite,

Inc. quarry.

The ice in DeTour Passage and the harbor area is generally stable

fast ice ranging in thickness from two to three feet. South of

DeTour Passage, the water is usually ice free but can become ice

covered from drift ice pushed north by southerly winds. Within

DeTour Passage, a car ferry operates year-round between DeTour

Village and Drummond Island within a narrow track kept open by the

frequent ferry crossings, and open water of Lake Huron.

Port Dolomite Harbor, Michigan, is a private dock owned by the

Michigan Limestone Division of the U. S. Steel Corporation. It is

located on the north shore of Lake Huron about three miles east of

Cedarville, Michigan. The harbor is not used in winter because

limestone processing requires a wet-wash operation that is not
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utilized in cold weather. The harbor area is protected by the. Les

Cheneaux Islands and consequently f6ims a solid stable ice cover .up C

to three feet thick that remain's ih place throughout the winter.

v Calcite Harbor, Michigan, is located on the westerly shore of

Lake Huron about 1-1/2 miles east of Rogers City. The harbor is

primarily used during the ice-free months, April through

mid-December, to ship out limestone. This commodity)cannot be

shipped in winter .because of the high moisture content resulting from

wet-wash processing.

A stable ice cover up to two feet thick generally forms within

the harbor. Outside of the harbor entrance the ice occasionally

windrows up to five feet thick, but this condition only occurs about

four percent of the time. Normally, the outer harbor area is kept

open by predominant offshore winds.

Stoneport Harbor, Michigan, located 16 miles north of Alpena

Harbor, is privately owned and operated by the Presque Isle

Corporation for the shipment of limestone. It is normally closed

during the winter months. Ice conditions in and around the harbor

may vary from level ice up to 18 inches thick to windrowed ice up to

five feet thick. The windrowed conditions are usually transient,

lasting one to two days until predominant northwesterly winds blow

the ice from the harbor area.

Alpena Harbor, Michigan, is located on the northwest shore of

Thunder Bay in northern Lake Huron. The harbor comprises the lowest

reach of Thunder Bay River and a reach in the Bay containing major

industrial docks. The harbor is generally closed during the coldest

part of the winter, January through March. Major commodities shipped

are cement, coal, limestone, and fuel oil.

A-34

.i.



ile conditions vary from year to, year. Heaviest donditidns occur

when southeasterly winds pack the :harbor with ice floes up to three

feet in thickness. Northwesterly winds tend to blow the harbor ice

into Lake Huron. The river ice is iisually stable with an estimated.

thickness of one foot in a severe winter. During most winters, the

bay is open except for periods of jammed or windrowed lake ice which

may last from a few days to several weeks.

Ports on the Saginaw River, Michigan, are located along 17 miles

of the river at the Cities of Essexville, Bay City, Zilwaukee,

Carrollton, and Saginaw. The river is closed to navigation' during

the winter months. Major commodities shipped during the regular

season include limestone, sand, gravel, crushed rock, and cement.

Ice conditions in the river are minor, but a level ice cover up

to one foot thick may develop during a severe winter. However, there

are numerous weak spots and openings due to thermal discharges from

local industrial and municipal facilities. The worst ice conditions

exist outside of the river in Saginaw Bay where ice can grow to two

foot thick levels and windrow up to six feet thick. The bay is also

used for recreation, primarily ice fishing and snowmobiling.

The St. Clair River-Lake St. Clair-Detroit River System connects

Lake Huron and Lake Erie (Figure 9). The system is approximately 89

miles long and has a relatively uniform water surface profile with a

fall of eight feet from Lake Huron to Lake Erie. The St. Clair River

has a length of about 39 miles. Lake St. Clair, extending between

the mouth of the St. Clair River and the head of the Detroit River (a

distance of about 18 miles) occupies a shallow basin having an

average depth of about ten feet, with low, marshy shores in

undeveloped areas. The shallow depth requires a dredged commercial

navigation channel 27.5 feet deep and 800 feet wide throughout its

length. The Detroit River extends about 32 miles to Lake Erie.
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Historically, the St. Clair River does nt generally freeze over

because ,of the swift current throughout its length and several

thermal discharges from adjacent plants. howeyer, the lower end is

frequently covered with broken ice drifting down from Lake Huron and

from shore ice generated within its boundaries. An ice cover

(bridge) generally forms across the head of the river which stops the

inflow of additional ice. However, this ice bridge is occasionally

broken by strong winds or midwinter and spring thaws which allow

additional ice to flow downstream and jam in the lower river.

Ice jams in the lower river vary in magnitude from year to year.

During a mild winter, the ice cover may only back unstream from Lake

St. Clair one or two miles. A severe winter has caused ice to jam

nearly the entire 39-mile length of the river.

The presence of an ice cover causes a retardation in flow through

the system. If strong winds and current cause the ice cover to layer

and compact in thickness, a serious ice jam may develop which has

caused,-upstream flooding in the Marine City-Algonac area. The jam

also hampers the limited navigation through the area in addition to

several ferry operations which continue year-round across the river.

Lake St. Clair lies between the St. Clair and Detroit Rivers. The

shallow depth and small surface area of the Lake cause it to react

quickly to wind conditions and all temperature changes. The

prevailing winds, currents, and inflow from the various channels of

the St. Clair River affect the ice-cover. Ice-cover accumulates much

faster in the eastern half of the lake. The lake usually becomes

ice-covered during the last part of January.

During the period of greatest ice-cover, the distribution varies

from thick fast ice in the bays and protected areas to heavy,

consolidated floes of brash and cake in the midlake shipping channel.

The head of the Detroit River is usually ice-free the entire season

except for minor jamming when drift ice becomes concentrated in the

area.
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The breakup period of the Lake St. Clair -ice-dove. is- short. As

breakup progresses, winds and currefits move the drifting, tce to the (
entrance of the Detroit River-, where strong- river cudrrents tkbve it

downstream. The western side is the first area to- be" cleared, of ice.

The lake, is usually ice-free in early March.

An ice bridge usually forms across the head of the- Detroit River

upstream of Peach Island. The edge of the ice bridge tends to erode

upstream during strong wind or thaw conditions, allowing lc6ae ice to

enter the river. The quantities of floe ice vary from year to year

depending on weather condit'ions.

The upper half of the Detroit River does not normally freeze over

because of its narrow channel and swift current. One exception is ,

the broad, shallow area between Belle Isle and the U.S. mainland. The

lower half of the river tends to collect floe ice and freeze over,

particularly in the broad shallow areas among the lower islands. The

Livingstone Channel, the main shipping lane through the lower river

for Detroit-Toledo coal deliveries, tends to remain open except when

easterly winds blow Lake Erie ice into the lower river. The westerly

- end of Lake Erie contains ice fields that periodically shift under

prevailing winds. Westerly winds will create large areas of open

water downstream of Livingstone Channel and absorb any ice floating

through the system.

The total river is occasionally filled with ice for short periods

of time during the spring breakup or unusual mid-winter thaws on Lake

St. Clair.

Nine ferry lines operate in the St. Clair River during the year

with only six attempting to operate year-round. A list of the ferry

lines and the normal sailing schedule is shown in Table 3. Locations

are shown in Figure 9.
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TABLE .3

ST. CLAIR RIVER' FERRY LINES

Av erage &
Days of

Sailing -Discontinued
Ferry Company Cargo Ports Season Service,

a. Grand Trunk/ railroad Port Huron MI year- 0
Western Railroad cars Sarnia, Ont round
C o.

b. C & 0 Railroad railroad Port Huron MI year- 0
cars Sarnia, Ont round

c. (Stag Island) Passengers Stag Is. April N/A

'Corunna through
October

d. Blue Water Ferry Autos, Trucks Marine year- 6
Company & Passengers City, MI round

Sombra, Ont

e6 (Fawn Island) Passengers Fawn Is, Ont April N/A
Sombra, Ont through

November

f. Port Lambton Autos, Trucks Roberts year- 20
Ferry Service & Passengers Landing, MI round

Port Lambton
Ont.

g. 'Walpole Ferry Autos, Trucks Algonac MI year- 42
Line & Passengers Walpole Is, round

Ont

h. Russell Island Passengers Algonac MI April N/A
Ferry Company Russel Is, MI through

October

i. Champion Auto Autos, Trucks Algonac, MI year- 2
Ferry, Inc. & Passengers Harsens Is, round

MI

4ue to Winter weather, i.e. ice or ice floes, etc.

Connects into the Canadian National Railroad (CN) on the Ontario,
Canada side of the river.
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The two railroad ferries o(GT-CN & C&O), located near the upstream

end of the river, are least affected by ice conditions during the

winter, since- ice jams rarely occur in that area.

The ierries downstream of Marine City are most likely to

experience problems due to- ice jams each winter, particularly the

Wapole Ferry Line at Algonac, Michigan, which stops operating for

days or weeks ,at a time when natural ice conditions keep the small,

low powered vessel from operatingi The upstream ferries generally

operate more frequently and can carry the extra traffic when

necessary.

Two railroad car ferries operate year-round across the Detroit

River between Detroit and Windsor, Ontario. In addition, there are

unscheduled tug-barge crossings carrying oil and salt to various

docks up and down the river.

Ferry service disruptions along the St. Clair-Detroit Rivers are

all similar and can be described as a single phenomenon. Briefly,

the ferry service is interrupted when the ferry landing and approach

slips become filled with ice, preventing docking of the ferry.

Occasionally, heavy ice jams will prevent the ferry from operating

across its normal track.

Winter navigation has continued for many years wi th almost daily

round-trip tug-barge oil deliveries between Sarnia, 'Ontario,

refineries and power plants along the St. Clair and Detroit Rivers.

These vessel movements are occasionally aided by Coast Guard

icebreakers but are temporarily halted during severe ice conditions.

There are also year-round coal deliveries between Toledo, Ohio, and

power plants along the Detroit River. Icebreaker assistance is

frequently required for coal carriers in western Lake Erie,

especially during easterly winds and in heavy ice-severe winter

conditions.
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While much of the shoreline along the St. Clair-Detroit River

system is protected by stone, steel, or wood seawalls, some
unprotected shoreline is subject to erosion caused by waves, changing

water levels, and moving ice.

Some shore structure damage has also historically occurred,

primarily in the lower St. Clair River. Damage was usually caused by

current or wind driven ice impacting against the structures. Other

damage occurred when a structure was frozen in heavy ice and the ice

moved either vertically from changing water levels or laterally due

to a shift in the ice pack.

Ports on the St. Clair River, Michigan, shown in Figure 9, are

primarily located in the upper river at Port Huron, Marysville, and

St. Clair, Michigan. Major commodities shipped into St. Clair and

Marysville are coal and fuel oil for the electric generating plants

at those ports. Port Huron receives stone, oil, and general cargo.

The upper river is usually ice free throughout the winter. However,

occasional heavy ice floes drift down from Lake Huron and jam in the

lower river. These jams historically cause problems to navigation

and can cause flooding upstream of the jam in the Algonac-Marine City

area.

Detroit River Harbors, Michigan, shown in Figure 9, are located

at Detroit, the Rouge River, Ecorse, Wyandotte, and Riverview.

Generally, the upper river, above Wyandotte, is ice free because

of the swift current in the main channel. The lower river is subject

to ice jams resulting from ice floes drifting down from Lake St.

Clair.

Lake Erie (Figure 10) is the shallowest of all the Great Lakes.

and has an average depth of 62 feet. It is considerably smaller than
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Lakes Superior, Michigan, and Huron, with a length of -240'm.les and a

maximum width of 57 miles.

Lake Erie reacts rapidly to seasonal temperature chaniges -and, due

to its shallow depth, is the most thermally unstabie of the Great

Lakes. Because of the rapid response to air temperatures, the lake

can accumulate an ice-cover in a short period. 'Lake Erie normally

develops the most extensive ice-cover of any of the Great Lakes, with

first ice forming in the shallow, western basin. The ice-cover

begins to accumulate in early January and is usually at its maximum

by the last week of February. Under the influence of currents and

winds, the ice-cover shifts, causing rafting and pressure ridges to

form. During a winter season with normal temperatures, it is

possible for the Lake to become 95 to 100 percent ice-covered.

!a.t ice-cover is made up of various ice types and concentrations.

The western basin contains heavy, winter ice, while the area of the

lake located between Sandusky, Ohio, and Erie, Pennsylvania,

generally contains vast floes and fields of pack ice of differing

concentrations. The eastern basin usually has extensive areas of

consolidated floes that are concentrated by the prevailing winds and

currents.

Western and central portions of the lake becomes ice-free shortly

after breakup, which occurs near the end of February or the beginning

of March. The broken, drifting ice is concentrated by winds and

currents in the eastern end of the Lake and often remains in the

Buffalo area until late April and occasionally until late May.

At the beginning of each winter, since 1965, a floating boom has

been placed at the head of the Niagara River at the eastern end of

Lake Erie. The purpose of the boom is to aid the formation of a

stable ice-cover in the eastern end of Lake Erie and reduce movement

of ice into the Niagara River. The desired effects of the boom are
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distinctly adyantageous towards achieving optimum hydro-elactric-

power generation on the Niagara River and reducing property damages

along the River due to massive ice runs from Lake Erie. However,

because the boom is located in the Buffalo Harbor area, vessel move-

ment may -be impeded by the large accumulation of ice behind the boom.

Some navigation occurs year-round in western Lake Erie with the

periodic coal ,shipments from Toledo, Ohio to power plants along the

Detroit River.

Lake Erie contains many of the home ports for United States

vessels where vessels lay up for the winter and uncergo general

maintenance and repair. The major layup ports are: Buffalo, NY,

Erie, PA, Conneaut, Ashtabula, Cleveland, and Toledo, OH.

Lake Erie Harbors: There are 12 major harbors in Lake Erie as

shown in Figure 10, underlined, and described below.

Monroe Harbor, Michigan, located in the mouth of the River Raisin

about 15 miles north of Toledo, Ohio,, is normally closed to shipping

January through March. The principal-cargo shipped in during the

regular season is coal for the Detroit Edison generating plant. A

steel plant is now being constructed in the area. The ice cover in

the navigation channel consists of solid shorefast ice that may reach

12 inches in thickness; but it may reach two feet in thickness at the

harbor entrance. O, rare occasions, windrows will form outside the

harbor entrance when strong easterly winds blow the ice field against

the shoreline.

Toledo Harbor, Ohio, is located in the mouth of the Maumee River

at the western end of Lake Erie. Major commodities shipped through

the harbor are coal, iron ore, corn, and soybeans. Coal is normally

shipped year-round to power plants along te Detroit River. Ice
conditions in the harbor range from nine inches of level ice in the
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navigati6n chafinel to level iceup to twol-feet tthick in. the harbor

entrance.

Marblehead Harbor, Ohio, is c6mprised of a private dock -extending

directly into deep, uisheltered 'lake water,, and: a shallow, (eight

ft.) sheltered basin that iS paft of the Marblehead Coast Guard

station. The dock i's used primarily to ship out limestone,, sand, and

gravel during the ice-free months. Ice conditions at 'the dock range

from a maximum of two feet of level ice to, on rare occasions, wind

driven ice piles up to ten feet thick. The windrowed condition is

usually temporary, lasting less than five days before predominant

offshore winds blow the ice back into the lake.

Sandusky Harbor, Ohio, is located in shallow Sandusky Bay, about

55 miles west of Cleveland, Ohio. A dredged channel extends from

deep water across the bay to the docks and turning basin. Coal,

limestone, and gypsum are the principal commodities shipped out of

the harbor during the ice-free months. Ice conditions in Sandusky

Bay and Harbor are generally stable with ice thickness rangingI between open water conditions and 20 inches, depending on the

severity of the winter. Normally, ice cover is between eight and ten

inches thick.

Huron Harbor, Ohio, is located at the mouth of the Huron River,

about 47 miles west of Cleveland, Ohio. The normal shipping season

is from early April to late December. Major commodities shipped at

this harbor are iron ore, limestone, and soybeans. The inner harbor

usually forms a stable ice cover that may reach 20 inches in thick-

ness. In addition, occasional ice jams and windrows may form across

the entrance channel. This condition is usually temporary, rarely

lasting more than five days before offshore winds blow the jammed ice

back into the lake.
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Lorain Harbor, Ohio, is located at the mouth of the Black River,

about 28 miles west. of Cleveland, Ohio. The port consists of an

outer harbor protected by a series of converging breakwaters and an

inner harbor including the lower three miles of the Black River.

Major commodities shipped.into the harbor by U.S. Steel are iron ore,

coal, and limestone. Ice conditions in the river and harbor car.

reach a maximum thickness of two feet. Ice conditions at the harbor

entrance vary with the wind conditions. Southwesterly winds will

cause drifting lake ice to jam and windrow, at times reaching to the

channel bottom. This condition rarely exists more than a few days,

but on rare occasions may last up to a month.

Cleveland Harbor, Ohio, consists of an outer harbor that extends

along the lake front for five miles, and an inner harbor consisting

of 5.8 miles of the Cuyahoga, River and one mile of the Old River.

The harbor is normally closed to navigation January through March.

Major commodities shipped at the harbor are taconite iron ore,

limestone, and non-metallic minerals.

The Cuyahoga River rarely freezes over due to the heated effluent

from the steel mills upriver. Ice thickness in -the outer harbor is

usually less than 18 inches but may reach 24 inches in a severe

winter. Ice conditions at the harbor entrance are dependent on wind

conditions. Ice jams up to 16 feet thick have been reported. These

conditions rarely last more than four days at a time before winds

shift and blow the ice away from the harbor.

Fairport Harbor, Ohio, is located about 33 miles northeast of

Cleveland and consists of an outer harbor and inner harbor at the

mouth of the Grand River. Major commodities shipped during the

ice-free months are limestone, sand, gravel, crushed rock, and

non-metallic minerals. Ice conditions at the harbor entrance may

include ice up to two feet thick and windrows up to 15 feet thick.

The windrowed condition is transient. The magnitude, frequency, and

duration is directly related to wind conditions. Ice conditions in
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the'navigation channel and dok area usually consist of level ice,

-ranging in thickness between one and two feet.

Ashtabula Harbor, Ohio, located about 59 miles northeast of

Cleveland, Ohio, consists- of a protected outer harbor and an inner

harbor extending about two miles up ,the Ashtabula River. The harbor

is normally closed three to four months each winter. 'The-mdjor

commodities shipped are iron ore, coal, and limestone. Ice

conditions in the inner harbor and river usually consist of loose ice

floes up to 12 inches thick. Ice in the outer harbor rarely exceeds

two feet in thickness. Ice jams extending to the channel bottom can

temporarily form at the harbor entrance during periods of strong

onshore winds. This condition is transient, and southerly winds will

eventually move the ice jams into the lake.

Conneaut Harbor, Ohio, located about 73 miles northeast of

Cleveland, Ohio, has an inner and outer harbor similar to Ashtabula

Harbor. The inner harbor consists of two piers, about 2,400 feet

long along both sides of Conneaut Creek. Major cargo shipped during

the ice-free months are iror, ore, coal, and limestone. Ice

conditions in the inner harbor and river consists of floating ice

floes or brash ice up to 16 inches thick. The harbor is- tnst

severely affected by infrequent northerly winds occurring about two

percent of the time, which blow drift ice into the harbor area. Ice

can jam to the channel bottom. In addition, waves up to 20 feet high

tend to aggravate the problem.

Erie Harbor, Pennsylvania, is located about 90 miles northeast of

Cleveland, Ohio, in Presque Isle Bay, a body of water enclosed by

Presque Isle Peninsula. Major cargo shipped during the ice free

months are sand, gravel, limestone, and non-metallic materials.

Erie iarbor is highly sheltered and develops a solid ice cover

that may reach up to three feet in thickness under extreme

conditions.

A-47



Ice in the navigation channel and turning basin may reach two feet in

thickness. On rare occasions, ice jams occur outside of 'the- harbor

entrance due to strong northeasterlywinds. Such conditions usually
last less than two days wIth a maximum duration of five days.

Buffalo Harbor, New York, consists of about 4.5 miles of

lakeshore protected by breakwaters, plus sections of the Buffalo

River, the Niagara River, and several short ship canals. Major cargo

shipped during the ice-free months are iron ore, limestone,. and

wkeat.

During a severe winter, ice conditions within the harbor may

reach a maximum thickness of about two feet. Outside the harbor, the

prevailing southwest winds normally raft and pile the ie to

thicknesses of several feet. During spring breakup, the south

entrance to Buffalo Harbor usually is passable before the north

entrance. However, this can change from day to day depending on the

direction of the wind and consequent ice movement.

The Black Rock Canal and the channel to Tonawanda will freeze

over during a severe winter with a level ice thickness of about one

foot. The Tonawanda Channel very rarely freezes over because the

velocity is too high. During the spring breakup, the eastern end of

Lake Erie is usually filled with heavily layered ice blown in by the

prevailing winds. This condition often lasts until May and contains

the last ice to leave the area.

The Niagara River, shown in Figure 11, about 36 miles in length,

is the natural link between Lake Erie at Buffalo, New York, and Lake

Ontario at Niagara-on-the-Lake, Ontario. The 3verage fall over its

course is 326 feet, about half of which occurs at Niagara Falls.

Welland Canal: Vessel traffic between Lake Erie and Lake Ontario

uses the Welland Canal, which lies in Canada. The Welland Canal,
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Il
(Figure 11), with a minimum depth- of 27 feet, connects Lake Erie at

Port Colborne, Ontario, -with Lake Ontario at Port Weller, Ontario,

and is completely owned and 6perated by the Canadian Government (St.

Lawrence Seaway Authority). The canal is approximately 27 miles long

and overcomes a difference in level of about 326 feet by a series of

seven lift locks-and one guard lock. Ships not exceeding 730 feet in

overall length and 75.5 feet in width may transit the canal.

The Welland Canal normally closes for the winter when demand

ceases, generally from mid-December to early April. It does not have

a fixed operating season, but generally utilizes the winter months

for maintenance and repasc of lock facilities.

Black Rock Canal: The Black Rock Canal parallels the upper reach

of the Niagara River from Buffalo Harbor to the downistiream portion of

Squaw Island. The canal, normally closed during the winter, has a

depth of 21 feet and provides an alternate route around the

constricted and shallow reach at the head of Niagara River. The

Black Rock Lock, whichhas a lift of five feet, is located near the

lower end of the canal. The navigation channel rejoins the river

below Squaw Island where the river widens. From Tonawanda to Niagara

Falls, New York, a navigation channel with minimum depth of 12 feet

below low water datum (LWD) is maintained.

New York State Barge Canal: The New York State Barge Canal has a

depth of 12 feet and is closed during the w- ter months. It extends

eastward from Tonawanda, New York, linking the Niagara River with the

Hudson River near Albany, New York. Near Syracuse, New York, an

exten9ion runs norrhward into Lake Ontario at Oswego, New York.

Lake Ontario (Figure 12), the Great Lake immediately upstream of

the St. Lawrence River, is also the smallest with a length of 193
~miles and a maximum widtl- of 53 miles.
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Lake 0ntario~-has the smallest surface area of all the Great

Lakes, but has a mean depth that is second only to .Lake Superior. L
The combination of small surface area and great depth gives this lake

a large heat-storage capacityi causing it to respond slowly to
t

changing air temperatures. This response to-climatic change affects

the amount of ice-cover produced, which is the smallest amount of any

of the Great Lakes.

A

An extensive ice-cover formation does not appear until late

January and is confined to the east end of the lake. Under normal

conditions, the greatest extent of ice-cover occurs near the middle

of March and occupies 15 percent of the Lake surface. Ice covers

about 25 percent of the Lake surface during a severe winter.

However, in February 1979, the ice cover exceeded 95 percent. The

ice-cover is generally fast ice and the prevailing winds and citrrents

tend to confine and concentrate the ice-cover at the northeastern end

of the Lake and the approaches to the St. Lawrence River. The Lake

is generally ice-free early in April except for isolated drift ice

and ice in soma protected bays.

Two commercial harbors exist on the United States side at

Rochester and Oswego, New York (see Figure 12). They are relatively

small harbors and are not normally used for the winter lay up of

vessels.

Rochester Harbor, New York, is located at approximately the

middle of the southern shore of Lake Ontario at the mouth of the

Genesee River. The harbor is normally closed to navigation in

winter. However, prior to 1950, the harbor was kept open year-round

to accommodate car ferry traffic to Cobourg, Ontario. At present,

cement is the only cargo shipped into Rochester Harbor. Because of

the location of the harbor, prevailing winds and current tend to keep

drift ice away from the harbor entrance. The river, harbor, and dock

area remains ice free most of the winter. Maximum ice cover during

severe winters is generally two to three inches, which should not

hamper winter navigation.

A-52



Oswego Harbor, New York, is located about 45 miles south of the

S) head of the St. Lawrence River. The harbor is the terminus of the

-Oswego Canal, of the New York State Barge Canal System, and consists

of an outer harbor enclosed by a breakwater and- an inner terminal

harbor in the Oswego River. The normal navigation season corresponds

to the opening and closing of the Welland Canal and the. Seaway.

Major commodities shipped at the harbor are fuel oil, cement, and

crude petroleum.

Occasionally, a serious ice jam problem will develop at the

harbor entrance when southwesterly winds cause ice to layer into

thick windrows. This condition is transient, but may last from a few

days to a few weeks until offshore winds shift the ice back into the

lake. Ice conditions in the harbor and dock areas are minimal due to

the river current and power plant thermal discharge.

The St. Lawrence River System (Figure 13), extends from the

outlet of Lake Ontario, at Kingston, Ontario, to Father Point,

Quebec. The section between Lake Ontario and Montreal is commonly

called the Seaway portion of the river and can be divided into three

sections. The lower section, from Montreal at the Jacques Cartier

bridge to the mouth of the St. Regis River, is 73 miles long. It is

entirely in Canadian territory and under the jurisdiction of the St.

Lawrence Seaway Authority of Canada. The middle section, from the

mouth of the St. Regis River to Iroquois Lock and Dam, is about 36

miles long. The upper section, from the Iroquois Lock and Dam to

Tibbetts Point, is about 80 miles long. The river embraced by the

middle and upper sections, referred to as the International Section,

separates the United States and Canada, and is under the joint

navigational control of the St. Lawrence Seaway Development

Corporation, a corporate agency of the United States, and the St.

Lawrence Seaway Authority of Canada. Located along the River are
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large power complexes,. such ,as theMoses-Sadnders Powerhouses,

operated by the Power ;Authbrit-y 0o the State A.New' York and*

-Hydro'Eectric Power Commission of,.Ontario- and theBeauharndis

Powerhouse, operated by the Quebe -Hydro-Eeqtric Power Commission.

The maximum permissible vessel draft in Seaway chafinels from-Montreal

to Lake Ontario is 25-3/4 feet. The main Seaway channels have a

controlling depth of 27 feet. There are seven locks in the system,

S two of which are operated by the United States and five by Canada.

The locks are all 766 feet long and 80 feet wide, which permits

transit of vessels up to 730 feet long and 75.5 feet wide.

In the 169 miles of river between Montreal and Quebec Ci:y,,the

fall is about 25 fuet at low tide. Below Quebec City, the river

gradually widens into the St. Lawrence estuary and finally the Gulf

of St. Lawrence. The navigation, channel at and below Montreal is

referred to as the St. Lawrence Ship Channel with an advertised depth

of 35 feet at low water datum. Downstream of Quebec City, the-

present controlling depth is 30.0 feet Lowest Normal Tide (LNT) and

these channels are currently being deepened -to 41.0 'feet LNT.

The St. Lawrence River flows northeast 530 miles from Lake

Ontario to its mouth at Father Point, Quebec. The winter ice-cover

usually forms first along the south shore canal between Montreal and

Lake St. Louis in early to mid-December and advances upriver to Lake

Ontario. Mid-winter conditions usually consist of fast ice which is

not generally subjected to breakup from wind or current conditions.

Ice thickness in channel sections may average two to three feet while

lake and river ice may only reach a thickness of 1.5 to 2.5 feet.

Floating ice booms are installed annually by the power

authorities (Power Authority of the State of New York, Ontario-Hydro

of Canada, and Quebec-Hydro of Canada) along the river at the

beginning of winter. These booms assist in the-stabilization of the

ice cover on the river to reduce the occurrence of ice jams which
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'baV' an advers& -effect on power 'generation '(i;e. reduction in flow in

the fy ei); Hence, With the.,cbnisideration of exteideu- season
-navigation on the rilyerj they are afi-impediment-to- navfigation. The

abiity to transi't these booms-during inter, ,without -disrupting the

stable ice cover, is a 4ery important part 'of this study.

Traditionally, navigation ceased ab6ut 15 'December and resumed

about 1 April. 'Reduced' winter ,discharge rates and water - velocities,

coupled with stable shorefast ice c6nditions, caused only generally

acceptable' shoreline problems.

Hirbors: There are presently 60 U. S. commercialiharbors that

have received Federal support on the Great Lakes with depths ranging

from 1.6 to 28 feet. In addition, there are 15 private deep-draft

harbors in the Great Lakes System. A list of these harbors ,is shown

on Table 4. 'Harbors in the 'tady area are shownt in Figure 1I

The Mid-continent has been deeply involved in international trade

'for many years, providing impetus for the development and expansion

of ports. It is through these ports that ever-increasing tonnages of

bulk and general cargoes--grain, iron ore, coal and manufactured

goods--pour into the commerce of the hemisphere and the world. Each

year ships move exports and imports into and out of this vast region

through the St. Lawrence Seaway. Ships traveling the inland route

are lifted 600 feet from the sea by seven St. Lawrence Seaway Locks,

eight Welland Canal Locks, and the four U.S. Sault Ste. Marie L(,cks.

STATUS OF EXISTING NAVIGATION PLANS AND IMPROVEMENTS

Navigation System

Improvement of the existing connecting channels above Lake Erie

was authorized on 21 March 1956. The improvement provided for

increasing controlling depths from 24.8 feet and 21 feet below water
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datum In downbound and upboufid channels,, respectively, to, a

controlling depth of 27feet b6Iow lower water dat nm in both

doinbound and upbound ch;anfiels. The -hafinels were designed to

provide a safe draft of 2545 fbet for Great Lakes freigh trs Win the

j water level is at low water datum. To provide tfis safe draft,

project depths varied from 27 ,to30 feet to provide allowances, for
Lsquat of a vessel when underway, for exposur tO- wave -cti6n, and for

an additional foot of clearance between safe draft and channel depth-

for hard bottom, where applicable. The project depths have been

available through the Connecting Channels since June 1962.

Locks

The existing St. Marys River U.S. project provides for the

operation of four U.S. locks in the St. Marys River at Sault Ste.

Marie, Michigan. There is also one lock on the Canadian side of the

river at Sault Ste. Marie, Ontario, The principal features of the

locks are shown in Table 2.

Controlling depths of 27 feet have been available since 1959 in

the Welland Canal between Lake Erie and Lake Ontario, and in the St.

IAwrence River from Lake Ontario to Montreal, Quebec. There is a

35-foot ship channel in the St. Lawrence River from Montreal to the

Atlantic Ocean. The seven St. Lawrence River locks are the same

useable size as the Welland Canal locks.

The limiting dimensions for ships in the MacArthur Lock at St.

Marys Falls Canal and for the Welland Canal and St. Lawrence River

locks are 730 feet in length and 76 feet (75.5 feet - St. Lawrence

and Welland Locks) in beam. The limiting dimensions of ships

transiting the new Poe Lock at St. Marys Falls Canal are 1,100 feet

long and 105 feet in beam. The MacArthur and Poe Locks in the
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St. Marys River and the locks in theWelland Canal and St. Lawrence

River have depths in excess of channel depths leading tojhe locks.

The depthoover sills is 31 feet for the-MacArthur Lock, 32 feet for

the Poi Lock, and 30 feet -for locks in the Welland Canal and St.

Lawrence River. The draft of ships is limited by channel depths, and

not currently by the locks.

Harbors

Improvements and construction are essentially complete and

provide for a 27-foot Great Lakes System at low water datum. The

same allowances between depth and draft used in the connecting

channels were used in improving the harbors. Additional depth is

provided in entrances and outer harbors as required, due to wave

action in exposed areas, due to squat of ships underway,. and due to

the presence of hard bottom. Depths providing for a safe vessel

draft of 25.5 feet at low water datum vary from 27 feet to 30 feet.

The Corps of Engineers has under study the feasibility of further

improvements in the Great Lakes Connecting Channels and Harbors for

I: the safe operation of vessels up to the maximum depth permitted by

the locks at Sault Ste. Marie, Michigan. Also, this study irL!udes a

review of reports to determine the advisability of providing

additional lockage facilities and increased capacity at the locks at

Sault Ste. Marie, Michigan. Independent studies are also on-going

for selected harbors within the system and for twinning the United

States locks in the St. Lawrence Seaway.

MOST PROBABLE FUTURE

This final report is prepared on the assumption that the

recommendations in the March 1976 Interim Feasibility Report would be

implemented prior to initiation of recommendations in this final

report. Therefore commercial navigation on the upper four Great

Lakes to 31 January (plus or minus two weeks) is the "base condition"

for this report and continuation thereof is considered to be the
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"MOST PROBABLE FUTURE," in addition to traditional intra-lake traffic

movement.

The March 1976 Interim Report recommendations provide for

extended season navigation on the upper four Great Lakes and its

Connecting Channels to 31 January, plus or minus two weeks, depending

on ice and weather conditions between non-ice restridted harbors.

The major non-ice restricted harbors (up to 31 January, plus or minus

two weeks) are as follows:

Lake Superior - Two Harbors, MN

- Taconite, MN

- Silver Bay, MN

- Presque Isle, MI

- Marquette, MI

Lake Michigan - Burns Harbor, IN

- Gary, IN

- Indiana Harbor, IN

- Milwaukee, WI

- Calumet, IL

- Muskegon, IL

- Ludington, IL

Lake Huron - Saginaw River

Detroit Harbor

Lake Erie - Toledo, OH

- Lorain, OH

- Cleveland, OH

- Ashtubula, OH

- Coneaut, OH

- Buffalo, NY

With the implementation of extended season navigation to

31 January, plus or minus two weeks, on the upper four Great Lakes

savings would be realized - savings from transportation rate

differentials between the Great Lakes-St. Lawrence Seaway and

alternative transport modes, reduced stockpiling would lead to
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savings in capital and har.dling costs, and savings by more efficient

utilization of the existing vessel fleet which lower the annual

reight rates for Great Lakes vessels.

In addition, with the implementation of the 31 January' plus or

minus two weeks, extended season certain adverse impacts were

identified. The impacts identified were those associated with

disruption of ferry transportation at Sugar and Lime Islands in the

St. Marys River and shoreline disruption in the St. Marys and St.

Clair Rivers-Lake St. Clair-Detroit River System. Mitigation

measures, as presented in the Chief of Engineers report daied

16 November 1977, were recommended to mitigate against thege impacts.

Provisions for an ice boom and bubbler-flusher were included for

Sugar Island and an airboat for Lime Island. Provisions for shore

structure protection and shore erosion protection above the ordinary

high water mark was also included for the St. Marys-Lake St.

Clair-Detroit Rivers System for damages caused by extended season

operations. Also, an environmental appraisal program to be conducted

concurrently with implementation of the first three years of

operation to further reinforce existing environment assessments and

to provide objective information for development of mitigative

m easures, if required, was included.

After 31 January (plus or minus two weeks) extended season

navigation ceases, adverse impacts on shore structures and shoreline,

not protected under the 31 January authorized protection, is expected

to continue due to natural conditions (i.e. thawing, winds).

In addition to navigation season extension to 31 January (plus or

minus two weeks) on the upper four Great Lakes, traditional winter

movement is expected to continue, namely, rail and car ferry

operation on Lake Michigan and on the St. Marys, St. Clair, and

Detroit Rivers, coal movement from Toledo to Detroit, and various

petroleum product movements in Lake Michigan and the Detroit area.
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It is important to note that existing legislation does not

prohibit winter navigation on the Great takes. Prior tb the

development of taconite pellet process in the late 1950's, navigation

ceased during the winter months because it was not practical to

handle frozen cargoes, especially iron ore. With the advent of the

low moisture content of taconite pellets, handling of iron ore in the

winter months is feasible.

j Many vessels in the existing Great Lakes fleet, such as the

recently constructed 1,000 foot bulk carriers, have the structural

and power capabilities to operate in ice. This, together with the

ease of handling iron ore pellets in the winter months, illustrates

the potential of increased iron ore movement during the winter

months. It is expected that industry would attempt to operate as long

as possible into the winter months in the upper four lakes untl

operation became too difficult to make it profitable for them or

until impacts, such as on island transportation, became too severe.

Dates of first and last vessel passages through the Soo Locks from

1960-1979 are shown in Table 5.

Generally, cargo is moved by alternative modes of transportation

during the winter months (shipping companies consider stockpiling of

general cargo uneconomical because of its relatively high value per

ton as compared to bulk cargo). However, bulk commodities are

stockpiled during the winter months because of their relatively low

value per ton as compared to general cargo (shippers consider it more

economical to stockpile bulk commodities, such as iron ore, grain,

and stone products, during the winter months than ship the

commodities by alternative modes of transportation). This type of

operation is expected to continue.

More specifically, there has been intralake traffic on the Lakes;

primarily Lake Michigan and western Lake Erie, and also along the St.
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Clair-Lake St. Clair-Detroit River System, during the winter months,

principally for transport of petroleum, coal, stone products, and

iron ore. This traffic is expected to continue. Table 6. displays a

summary of these commodities as collected by telephone surveys and

from vessel receiving reports provided by the chipping companies for

the period of 1971 to 1975 (data prior to 1971 is not available for

cargo movement after 15 December). These data lire considered to be

indicative of the expected commodity movement in the future.

TABLE 6

INTRAIAKE WINTER TRAFFIC (1971-75)

(1,000 Tons)

Commodity 71-72 72-73 73-74* 74-75*

Iron Ore 39.0 951.9 1,024.3 1,376.2

Grain - - 11910 119.8

Coal 1,064.7 563.4 1,534.7 1,724.9

Stone 140.5 464.0 1,096.6 1,078.1

Petroleum Products 366.6 727.4 958.2 812.6

Other 34.4 227.2 798.3 369.7

TOTAL 1,645.2 2,933.9 5,531.1 5,481.3

* - years are based on more comprehensive shipping data and are

more reflective of winter traffic than the figures shown for

71-72 and 72-73.
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The- Great Lakes Connecting, Channels between Lakes Superior and

'Huron, and Lakes Michigan and Huron, namely the St. Marys ,River aid-

the Straits of Mackinac, respectively, freeze over ;entirely during

the winter months and, are difficult to navigate without icebreaking

assistance from the U.S. Coast Guard. Ice thicknesses up to several

feet in both these areas, tight turns in the St. Marys River, lack of

-winterized navigation aids, -low power capabilities of vessels-, and

increased risks reflected in increased marine insurance costs-have,

in the past, discouraged shipping during the winter months in these

areas. Measures provided in the 31 January extended season

navigation plan enable operation to 31 January (plus or minus two

weeks) on the upper four Great Lakes. However, there are no

provisions for operation beyond this time.

Vessel movement during the winter months in the St. Clair-Lake

St. Clair-Detroit Rivers System has in the past been minimal with the

exception of stone movement from Lake Huron into the St.

Clair-Detroit Rivers, coal movement to Detroit from Toledo, and oil

movement between Sarnia, Ontario and Detroit. This movement is

expected to continue. The St. Clair River does not generally freeze

over; however, it is occasionally laden with broken ice floating into

it from Lake Huron in addition to ice generated within its

boundaries. This broken ice has a tendency to jam in the constricted

areas of the river, in particular at the lower end of the river at

the headwaters of Lake St. Clair. Lake St. Clair generally freezes

over in its entirety and is a prime location for winter recreation

activities, such as icefishing. The Detroit River is relatively ice

free except during thaws or the spring ice breakup period, when ice

from Lake St. Clair flows into the river.

Shipping from the St. Clair River to Lake Huron, during the

winter months, or vice versa, disrupts the fragil natural ice bridge

at the headwaters of the St. Clair River. Whenever this ice bridge

collapses, whether it be by natural forces (wind) or by vessel
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nuebveient through iti broken'ice isopermitted to flow, into' the river

and has, on occasin, created, flooding In the lower;St. Clair River '7
due to ice Jamming, in constricted areas and retarding the flow in the

river. This situation is expected to continue under existing

conditions.

As -stated'hbefore, vessel movement has traditionally occurred in

the western end of Lake Erie. The eastern end of the Lake near

Buffalo, New York, is a natural constriction and- prevailing east-west

winds pile large quantities of ice in this area making shipping very

difficult, particularly in the spring. Therefore, ship movement is

expected to continue principally on the western end of the Lake.

The opening and closing dates of the Welland Canal and its locks

are consistent with the corresponding dates of the locks on the St.

Lawrence River. Vessel movement through the Welland Canal is

expected, as in the past, generally at the end of the 8-1/2 month

normal shipping season, to go into or through the Seaway, or go into

Lake Ontario ports for winter lay-up. The St. Lawrence Seaway

Authority of Canada has plans to extend the season on a long-term

basis.

In summary, the "MOST PROBABLE FUTURE" would be commercial

navigation on the upper four Great Lakes to 31 January (plus or minus

two weeks) in addition to intralake movement on Lakes Michigan and

Erie and movement on the St. Clair-Lake St. Clair-Detroit River

system which is expected to continue throughout the winter months.

Vessel movement would be at the discretion of the shipping companies

and largely dependent upon the severity of ice and winter conditions

in the connecting channels as well as in the ports of origin and

destination. Existing icebreaking assistance would continue.
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The Welland Canal and its locks and the St. Marys Falls Canal

' ' Locks are expected to remain open ,to shippers only to meet the

reasonable demands of commerce to the extent that weather and ice

conditions permit.

Navigation on the St. Lawrence River would cease when, in the

judgment of the Seaway operating entities (St., Lawrence Seaway

Development Corporation-U.S, St. Lawrence Seaway ,Authority of

Canada) ice and weather conditions preclude safe and efficient

navigation on the St. Lawrence River., It is a long-standing U.S.

policy and part of specific U.S./Canada agreements that operation of

power works, and specifically the ice booms installed yearly on the

river b-, the power entities, should not interfere with navigation.

EXTENDED NAVIGATION SEASON PROBLEMS

'Understanding the problems and needs associated with the proposed

extension of the navigation season provides a guide to formulation of

alternatives to satisfy these problems and needs. Engineering

problems identified thus far in the study are geographically

described below, starting with a description of the system problems

and then proceeding specifically from Lake Superior and working down

through the system. Social and environmental impacts of winter

navigation are mentioned in this section of Appendix A, but are

discussed in detail in Appendixes H and F of this report and in the

Environmental Impact Statement. Because of a lack of environmental

baseline data for the winter months, the Environmental Plan of Action

(EPOA) is proposed to assure that this data will be available for use

in preparing the environmental impact statements for each project

site. The details of the EPOA are set forth in Appendix E to this

report.
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System Problems

Icebreaking assistance to meet the demands of year-round extended

season commerce on the entire system'is a major problem..

Currently, varying degrees of assistance to ships navigating in

ice are being provided throughout the Great Lakes by the U.S. Coast

Guard and the Canadian Coast Guard. This assistance ranges from

radio and radio facsimile broadcasts of up-to-date general

information on ice conditions to detailed advice on routing to ships

proceeding independently and, finally, to the provision of icebreaker

escort if available and considered necessary.

Twelve Coast Guard vessels have been engaged in past years in

icebreaking activities. This total included five 180 foot buoy

tenders and five 110 foot harbor tugs which were not designed

primarily for icebreaking. In addition, the MACKINAW, an icebreaker

designed for the Great Lakes, and a polar class icebreaker .have been

assigned to the Great Lakes fleet to assist in extending the

navigation season under the Demonstration Program. The Coast Guard

is currently in the process of replacing the 110 foot class vessels

with new 140 foot class vessels which have greater icebreaking

capabilities. Two of the new vessels have recently been launched;

the remainder may be in operation in time for the 1979-1980 winter

season. However, additional icebreaker capabilities would be

required under a permanent extended season program.

Icebreaker mooring improvements at selected harbors are also

needed. Two changes have been required at existing Coast Guard

mooring facilities as a result of the Winter Navigation Demonstratiou

Program. The assignment of the second major icebreaker (WESTWIND) to

the Great Lakes has resulted in the lease of mooring facilities in

Milwaukee, Wisconsin. Leased mooring facilities have also been
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acquired in St. Ighace tb& base 9ne maj6or icebreake which -iol-l

maintain traffic, flow throih-the Straits' of Mdcklnac -throughout, the

winter. Additiobal fadilities -would be required cto acommodat e am.

expanded icebreaker- feet for year-round navigation.

-Coliection and dissemination of keal-time iet.' and weathei -

conditions throughout the entire Lakes-Seaway system is a problem

associated with extended'-seasoh operations. - -

The U.S. Coast Guard has.established an Ice Navigation Center

(INC) at the Ninth Coast Guard District Headquarters in Cleveland,

Ohio, to collect data on ice and weather conditions on the Great

Lakes from a-l available sources, compile and analyze it, and

dissemiuate this information to merchant vessels, icebreakers,

interested government agencies, and the general public. The INC

begins full-time operation in December most seasons and operates to

April. Throughout the extended navigation season, Ice Forecasts, Ice

-Outlooks, Ice Charts, and Wind and Temperature Forecast Charts are

disseminated daily, Ice Condition Summaries weeklyo All

informational items are available to interested parties from the IK(

and from Coast Guard Group Offices in Detroit, Milwaukee, D'duth,

Buffalo, and Sault Ste. Marie. Most Coast Guard Stations provide Ice

Foreeasts and Outlooks. Ice Charts and Wind and Temperature Forecast

Charts are broadcast by the Loran Radio Network.

Coast Guard personnel from U.S.C.G. air stations in the Great

Lakes make regular visual reconnaissance flights, draft ice charts,

and transmit graphic and teletype ice cover information to Vthe INC

for operational use. As side-looking airborne radar (SLAR) and

satellite data became operational, the number of visual

reconnaissance flights were reduced and SLAR and satellite

information became a signiftcant source of ice cover data during the

Demonstration Program.
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Complete- weather- forecasts are nowj. carried throughout the year.

The number of forecasts raleasei has increased about 30 ,percent.

JWinteitime forecasts are more difficult and t-ime consuming because

forecasters must assess the effect of ,ice cover on waye development.

Forecasters must 9Iso direct more attention to connecting waterways
and narrow channels where weather problems ar4 minimal in summer.

Traditional breakup forecasts have been complicated by the need

to assess the effect of icebreaker and other assistance to early

season navfgation. Similar problems are encountered in preparing

freeze-uP forecasts.

During the season of active operations in ice, twice daily

forecasts and thrice-weekly graphical analyses of current ice

conditions are released. Thirty-day and ninety-day graphical

outlooks for ice cover are released periodically. Special forecasts

were made daily for the Sugar Island ferry operations.

An observational network has been developed to bring the required

data to the forecast office. Much of the data currently used is that

collected by other agencies in carrying out their assigned portions

of the Devonstration Program. Included are direct measurements of

ice from shore stations and ships, aerial reconnaissance, side

looking airborne radar (SLAR) imagery, and satellite data.

All worded forecasts are now transmitted by teletypewriter, and

all graphical forecasts by facsimile. Many of the observations are

gathered via the same channels. This improved communications network

is an essential part of winter navigation.

All-weather aids to navigation are necessary for ships to

accurately determine position in the open lake. LORAN C is the

government sponsored navigation system for the U.S. Coastal

Confluence Zone, including the Great Lakes. Upon completion in July
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1980, the mariner will have a. year-round navigation system in

addition to the existing. system of major lake coast lights, radio

-beacons, fog signals, and Radar Transponder Beacons (RACONS , which
-is considered adequate for the Great Lakes. However, a more precise

all-weather aid to navigation is considered necessary for the St.

Lawrence River.

Currently, during the winter months, Masters of ships are

cautioned that most of the conventional buoys are removed and many

are replaced by marker buoys. Similarly, the charted or listed

characteristics of lights and position of buoys should not be relied

upon due to weather and ice conditions. Particular vigilance is

thierefore required in the navigation of vessels during the winter

season. Close attention must be paid to "Notice to Mariners",

"Notice to Shipp-pg", and safety broadcasts.

Improved floating aids systens are still required for marking

channels, not only in the Connecting Channels but also harbors.

Experimentation with new types of lighted and unlighted floating

winter markers has met with varying degrees of success.

The introduction of winter navigation on the Lakes wiLl produce a

need for surface and air capability to respond to incidents involving

major vessels year-round. Search and rescue needs also require

adequate surface and air capability to respond to incidents involving

major vessels year-round. All-weather aircraft are required for

rapid assistance needs.

With regard to hazardous substance spills, the same institutional

framework and contingency plans are operational, winter or summer, to

ensure an immediate response should a pollution emergency develop.

To date, no significant spills have resulted from winter navigation.

As a mitigating factor, ice cover and cold water may tend to lessen

dispersions of hazardous materials should an accident occur under
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extended season conditions. M~chanicar impr6vemfits are currently

being developd& to increase the caability -6f handling, spills, -n the

winter. At present, there is little eVideniae'to upp6rt claims that £

*1hazardous cargo transport is inherently more risky In the winter.

The converse is also true. Each spill, winte'or Sumnier, presents

j unique circumstances and difficulties with personnel and.loglstics.

Problems associated with spills in the Connecting Channels are much

more complicated than spills in calm lake waters because of the

inability to contain a spill in the fast flowing waters. This would

be a problem in summer as well as winter.

Vessel waste discharge is currently assessed undet existing

Federal and state regulations. Waste water is defined as water in

combination with other substances, including ballast water aid water

used for washing cargo holds, but excludes water in combination with

oil/hazardous polluting substances or sewage. Existing agreements

with Canada preclude waste water from being discharged by a vessel

into waters of the Great Lakes in amounts or in concentrations that

will be deleterious. The Federal Water Pollution Control Act of 1972

and the Clean Water Act of 1977 regulate blackwater discharge. Both

new and existing vessels must comply with Federal regulations

(treatment or holding of blackwater wastes) by 30 January 1980.

The Clean Water Act of 1977 defines sewage as human body waste

and the wastes from toilets and other receptacles intended to receive

or retain body wastes except that, with respect to commercial vessels

on the Great Lakes, such term shall include graywater, which is

galley, bath, and shower water. This Act further states that the EPA

Administrator shall, with respect to commercial vessels on the Great

Lakes, establish standards which require at a minimum the equivalency

of secondary treatment as defined under Section 304(d) of the Act.

Such standards and regulations shall take effect for existing vessels

after such time as the Administrator determines to be reasonable for

the upgrading of marine sanitation devices. Modifications

specifically oriented to winter navigation are not deemed necessary.
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Vessel traffic control-would facilitate convoyingsand

(} icebreaking. Regular voyage reports (at calling in points),would be

required from all vessels wanting convoying assistance except those

on a scheduled run (ferries). These reports would have to be rapidly

assessed and correlated with forecast ice conditions to form. convoys

and dispatch icebreakers. These procedures would be more formalized

than those currently used for setting up convoy departures.

There are two basic vessel reporting systems in use on the Great

Lakes for Ice Navigation purposes. One is U.S. in origin, the other

Canadian. The U.S. system is designed solely to provide vessel

traffic information to aid in the efficient deployment of icebreaking

resources. The purpose of the Canadian ship reporting system is to

provide marin- traffic information to meet the requirements of the

St. Lawrence Seaway Authority and the Canadian Coast Guard Traffic

Centre, Sarnia (CCG Traffic Centre). Traffic information so obtained

during the ice season is forwarded to the Canadian Coast Guard ice

operations office--Ice Toronto--to aid in the preparation of ice

information, routing advice, and in the assignment of icebreaker

support. The CCG Traffic Centre does not directly provide ice

navigation advice to shipping.

During the Demonstration Program, existing Coast Guard

communications faciliti.es have been able to handle the reports from

the relatively few vessels operating. Considering the projected

traffic, an automated system and additional radio operators will be

required in an expanded operation.

Radio communications play en important part in successful ice

navigation. The Master relies upon the receipt of accurate ice

information and advice upon which he can base his decisions as to his

future course and progress. Effective icebreaker support and
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assistance to shipping also requires reliable radio/telephone (R/T)

c6mmnications.

Vessel traffic, services (control).are .not considered necessary on,

the open lakes to prevent collisions, rammings, or groundings. In

areas such as the west Basin of Lake Erie, which are open lake but

extremely shallow, the Lake Carriers Association/Dominion Marine

Association (LCA/DMA) tracklines have provided an acceptable means of

'ttaffic control.

Much research into safety and survival systems has been under-

taken as a result of the Demonstration Program; a tangible action to

date is the Coast Guard's recent approval of two survival suit types

for merchant seamen. However, the anticipated survival time of a man

imersed in extremely cold water is still very brief.

New measures should require the provision and use of improved and

new cold water survival equipment on vessels navigating the Great

Lakes during the winter months (December thru April). This equipment

would include:

a. Personal survival suits for all crew members.

b. Enclosed lifeboats/capsules capable of being launched with

all personnel aboard and equipped with diesel engines designed to

function in sub-freesing temperatures.

c. Emergency Position Indicating Radio Beacons (EPIRBS) on all

vessels and lifeboats/survival capsules.

Mandatory crew training in cold water survival techniques should

be required and should be conducted annually just prior to the winter
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season. All -costs -tobe, incurred would have to be borne by vessel

owners and operators as part of their general safety program.

The Coasit Guard has an ongoing research program to develop

hardware to provide for the above safety needs. At thi!j lme, most

portions of the program are under rev4.ewby Coast GuaLrd Headquarters

prior to presentation to Congress. If desirable, legislation will be

needed to make these safety items mandatory for vessels operating in

the winter.

The U.S. Coast Guard has assessed from experience that any

sheltered location which provides a lee from winds and wind generated

seas may be termed a refuge area. Ice cover greatly reduces wave

!action, and many areas are completely frozen over. An Icz field, in

-4 itself, is a refuge area and can provide a wave calming haven for any

vessel in-the area.

Many vessels in the existing Great Lakes fleet, such as the

modern 1,000 foot bulk carriers, have the structural and power

capabilities to operate in ice; however, the need for additional ice

strengthening does exist in some cases in order for the Master to

utilize all available power without a high risk of causing vessel

damage.

The first principle of successful. ice navigation is to maintain

freedom to maneuver. Once a ship becomes trapped, she tends to go

wherever the ice goes. Ice navigation requires great patience and

can be a tiring business with or without icebreaker escort. The long

way around a difficult ice area whose limits are known is often the

fastest and safest way to port--or to open water.
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Experience has proijed that, in ice concentrations, three basic

ship handling rules applyi'

(1) Keep moving--even very slowly, but keep moving.

(2) Try to work wi'th the ice movement and not against it.

(3) Excessive speed means ice damage.

The propulsion plant and steering gear of any ship intending to

operate in ice must be reliable and capable of a fast response to

maneuver orders. The navigational and communications equipment must

be equally reliable, and particular attention should be paid to

maintaining radar at peak performance.

Light and partly-loaded ships should be ballasted as deeply as

possible, but excessive tern trim is not recommended, since it cuts

down maneuverability. Traditionally, operation of ships light in the

bow has been effective in the spring, since most ice encountered was

unbroken and generally of uniform thickness. However, in a brash-

filled channel, operating with shallow draft forward is not

effective. The best trim for negotiating a brash-filled channel is

with the bow down, if practical. Suction strainers should be able to

be easily removed and cleared of ice and snow. Good searchlights

should be available in the event of night navigation with or without

icebreaker escort.
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Experience has shown that non ice-strengthened ships with an

open water speed of about 12 knots often become hopelessly beset in

relatively light ice conditions, whereas an adequately powered

ice-strengthened ship should be able to make progress even when ice

coverage is 60 to 70 percent. Adequate horsepower is generally

considered to exist when the horsepower to length ratio (not just raw

horsepower) is six to one or better, for example 6000 ,hp divided by

750 ft. These ships are often able to proceed independently without

any assistance other than routing advice. When negotiating

brash-filled channels, this ratio becomes most significant. Again a

six to one ratio indicates the ship will manage quite well. Ships

with horsepower to length ratios of less than six to one should be

prepared for delays, depending on ice conditions and availability of

assistance. Ice conditions should be carefully evaluated before

planning a trip in a low powered vessel.

A real concern is the removal of wrecked or stranded vessels.

This could occur in any of the improved navigation channels and

harbors or in confined areas that have not required improvements

within the Great Lakes and St. Lawrence River system.

These situations are very difficult to anticipate and predict.

Each casualty is unique. What sometimes appears as a relatively

simple grounding can conceivably result in holing the vessel and

flooding of one or more compartments, requiring temporary repairs,

pumping, and even lightering of a large portion of the cargo in order

to pull the vessel free. When lightering is required, this creates

the further problem of getting another vessel or lighter alongside to

accept part of the cargo.

In the case of a vessel sinking or blocking a navigational

channel during the winter months, the remedy for the problem becomes

much more time connsuming and costly. Should an oil spill result,

salvage efforts could be further delayed as the U.S. Coast Guard is
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called in to handle this responsibility. If a Serious accident

occurred in certain critical areas of the Connecting Chanfiels,

obstructing the channel, then it might be necdssary to suspend winter

4navigation through that area until the obstruction could be cleared.

Lake Superior

in open lake areas, windrowing, rafting, and shifting ice

conditions continue to be a problem. As the ice cover moves and

changes, it closes old vessel tracks and forms rafts and ridges-that

may reach a height of 25 feet in some areas.

The seven major harbors in Lake Superior are shown in Figure 3.

Ice problems and conditions relating to winter navigation are

described below?.

Taconite Harbor, Minnesota, shown in Figure 3 is a private

harbor, located just to the northeast of Two Harbors. Prevailing

westerly winds and a northeast shore current tend to keep the harbor

and surrounding area open much of the winter, making this an

excellent year round harbor. Ice thickness rarely exceeds four

inches in the harbor and docking areas. Year-round navigation has

occurred there since 1973-74 without experiencing serious problems.

At present, only taconite is shipped out. Incoming coal shipments

are curtailed during the winter months because the wet coal tends to

freeze into lumps, making handling very difficult.

Silver Bay, Minnesota, is a private harbor, located about 26

miles southwest of Taconite Harbor. The harbor is privately owned by

the Reserve Mining Company and used primarily for incoming shipments

of coal and outgoing shipments of taconite. There is only one dock

in Silver Bay, which forms the northwest side of the harbor. The

dock is immediately inside the harbor entrance so there are no

navigation channels. The navigation season generally ends about
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15 January because of the ice problems elsewhere on the ship routes.

The 'harbor generally contains open water, until about 15 February.

ice thickness during the severe winter of 1976-1977 reachedt-14 inches

but usually does not exceed six to eight inches. Shif.ing winds

usually break up the harbor ice cover by wave action -while prevailing

westerly winds keep the broken ice flfshedfrom the harbor.

Occasionaily, it has been necessary for- the U.- S. Coast Guard to

break up the harbor -ice prior to the start of the spring shipping

season, but usually all ice is gone by 1 April.

Two Harbors, Minnesota, is used primarily to ship out taconite

pellets. The predominant northwesterly winds tend to blow lake ice

away from the outer harbor area, keeping the area open-most of the

winter. In recent years, during extended navigation season

operations, a tug was used to break ice in the harbor andclear it

away from the face of docks. Wind would normally blow the loose ice

- -out of the harbor and into the lake. There-do not appear to be any

significant problems to hamper winter navigation at this location.

Duluth-Superior Harbor is one of the most important on the Great

Lakes and the Nation. While providing excellent protection from

summer storms, it is a poor winter harbor. Its shallow depth and the

prevailing cold temperatures cause rapid and very heavy ice growth.

The lake area outside of the harbor is subject to wind blown rafting

ice that frequently extends out for several miles. (The thickest,

most difficult ice to transit exists at the lake edge of the

windrowed ice.) Navigation through the harbor and approaches is very

difficult for even ice breaker type vessels. Within the harbor, ice

forms early and may grow to 30 inches in thickness. In spite of the

recent emphasis on extending the normal navigation season, the ice

conditions within the harbor during the late winter have prevented

full success. There was no intent, however, in the Demonstration

Program to prepare a system--or even complete a harbor opening plan

to keep a harbor open during winter.
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Ashland Harbor,, Wisconsin, is about 60 miles east of Superior;

Duluth H.arbor in- a relatiyely well protected but shall6w bay.

Ashland experiences the coldest weather of any harbor on the Great

lakes. Because of its shallow depth,, the harbor freezes over rapidly

early in winter and developsa very heavy ice and snow cover that

makes Ashland the most difficult harbor in the Great Lakes to keep

open for year round navigation. At present, the harbor is closed in

winter. During the regular season, the harbor receives eastern coal

for its local power plant. Limestone is the only outgoing commodity

which is not normally shipped in winter because of its high moisture

content. It is anticipated that maintaining an open channel will be

difficult because the broken ice would remain in the channel and

refreeze after vessel passage. It is also anticipated that local ice

fishermen will protest cutting channels through Chequamegon Bay

which, at the least, would reduce their access to many fishing areas.

Presque Isle Harbor, Michigan, is a well protected harbor which

currently maintains a level,, stable ice cover through the winter that

can reach 30 inches in thickness. There is no winter navigation in

this harbor. With the exception of maintaining an open vessel track

into the harbor, no winter navigation problems are anticipated.

Marquette Harbor, Michigan, is near Presque Isle Harbor and has

similar ice conditions, in that a stable ice cover is prevalent in

and around the harbor area. With the exception of maintaining a

yessel track into the harbor, no winter navigation problems are

anticipated.

St. Marys River

Vessel traffic control in the St. Marys River for prevention of

collision, rammings, or groundings is provided by the U.S. Coast
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Guard. With upbound and downbund- vessels using Middle Neebish,

Channel under alternatiig direction one-way traffic, 'no- additional

facilities are required. If concurrent two-way traffic is heeded in

Middle Neebish Channel, closed-circuit television (low light level)

will be required to monitor conditions and preclude meeting at

Johnson Point and Stribling Point. There are, several problems

associated with winter operations at the St. Marys Falls Canal (Soo

Locks). The condition of ice upstream of the lock entrance ic

generally broken and fragmented from the action of wind, current, and

ship traffic. Each time the upper gates are opened, delays result

from the ice concentrat'ion. Often ice must 'be manually pushed out of

the gate recesses, or the gate is operated in a fanning procedure by

incremental opening and closing to remove ice, before -the gate can

fully open.

Considerable effort is required for winter lock operation and

ships are detained due to the delays in opening the gates. This

problem further compounds locking procedures because the vessel bow,

on entering the lock, plows the ice ahead and sometimes fills the

lock chamber. This also can prevent the ship from entering the lock.

The ship must then be backed out and the locked ice is flushed and

locked downstream. Air bubblers help in preventing ice build-up in

gate recesses; however, they do not prevent moving ice from packing

in the gateways and, though helpful, they do not completely solve the

problems.

Ice accumulates in the upper lock entrance and is passed through

the lock chamber ahead of ships entering the lock. Once flushed

downstream, the flow carries the ice until the current decreases.

All the ice then lodges about 500 to 1,000 feet downstream of the

lower gates in Soo Harbor. This situation occurs particula;,ly after

surface ice forms in the lower pool area, which in turn hinders

flushing ice further downstream and out into the harbor. The

build-up of slush ice and fragmented ice solidifies to depths up to

4A
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20 feet. This barrier, on occasion, has become impenetrable by cargo

vessels and must be broken by a large icebreaker such as the MACKINAW

and flushed as far downstream -as possible. Once this condition

occurs, usually by mid or late January, the condition rapidly

develops again, -creating an ongoing problem throughout the winter.

At about the same time the larger width ships find it difficult to

near impossible to lock through as the ship's hull and bow plows the

slush ice and plasters the approach walls with ice, ich readily

solidifies. The ice on the walls can reduce the essential lock width

to a dimension less than the hull of the ship, rendering entrance

nigh impossible. Such conditions result in tremendous stress-strain

loads in the ship's hull and the lock wall monoliths and gate

structures. The problem of ice on the lower ,approach walls and

entrances is one of the most severe conditions encountered.

The intense cold temperatures of January and February reduce the

steel temperatures of the lock gates below freezing. The alternate

filling and emptying cycle in the lock chamber adds ice coatings to

the colder gate and severe icing conditions occur. Accumulated ice

coatings on the upstream gate backing timbers and gate skin is

sufficient to prevent complete and ready opening of the gates. Gate

areas that have troublesome ice buildup are steamed free. Ice also

accumulates i,, the open face (downstream side) of the upper and

intermediate gates. Pieces of broken ice and slush are pushed in the

open side by passing ships. Repeated occurrences load the gates with

a loading that tests the structural strength of the gates when the

chamber is at low pool. Structural failure of the gate could result

if corrective measures are not taken. The operating gate furthest

downstream has the least problems with the downstream open face icing

since it is only exposed to the lower pool level. However, this gate

has the most problems with the closed or skin plate side since it is

exposed to the frigid air on the open side with alternate wettings on

the skin side. This results in rapidly forming ice coatings and

associated opening problems. The dewatering gates, maintained in the
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open position during navigation period, filliwith ice between

O j irders. This ice is difficult to remove and requires steaming after

navigation is stopped, in order that the gates may be closed and the

lock dewatered.

Fender replacement and repair work in the lock wall and pier

areas that are used in the extended winter navigation season must be

accomplished between vessel transits. This is an inefficient, slow

process requiring many man-hours to accomplish. The busier the lock

the less the fender work that can be accomplished. Because of ice

build-up on the walls and timber fenders, wall coating or scraping is

necessary. The timber fender wear and tear is increased at times

-when this scraping activity is done by tug. The impact of winter

navigation is that of greater than normal fender wear, tear, and

damage while providing less time to accomplish the necessary repair

and replacement program.

During winter operation, alternate submergence and exposure to

atmospheric conditions plus the actions of entering or leaving

vessels build up an ice collar on the vertical walls of the lock near

the high water zone. The ice collar dimensionally is two to three or

more feet thick in width, five to seven or more feet in vertical

dimension and extends the full length of the locks. Large vessels,

those 105 feet in width, under the best of conditions only have a

clear dimension of 2.5 feet on either side of the vessel in the Poe

Lock. The lock wall ice build-up restricts the larger vessels from

transiting the Poe Lock. The ice collar build-up not only tends to

restrict the transiting of a vessel, but also slows the movement of

drift ice into the lock chamber as a vessel is entering, or when ice

is being locked through to clear the upper approach.

During the Demonstration Program, the MacArthur Lock has handled

vessel traffic later in the season and opened up for traffic earlier

in the spring. Drift ice conditions tend to be worse in the spring
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and separate lockages are often required to lock ice thiough prior to

transiting a vessel. The Poe Lock is the primary winter navigation

lock and, because of its size, can accept a 75 foot wide vessel and

connsiderable ice in the lock chamber, at the same time, without

encountering substantial locking problems. It is anticipated that a

larger number of 105 foot wide vessels will operate during any

extended winter navigation season in the coming years, and ice

removal from the lock will become a major problem. The problem of

removing ice from the lock becomes intensified when the area from tha

lower lock approach to Angle Course 1-2 becomes filled with ice.

During the Demonstration Program, the MacArthur Lock's

operational season has been extended, subjecting the lock equipment

to winter navigation conditions. From the experience gained in the

Demonstration Program, it is known that increased malfunction will

occur and increased maintenance will be required on all equii~ient

utilized during a winter navigation season.

The Poe Lock is the principal winter navigation lock and will

continue to experience the maintenance problems previously stated.

As the lock equipment ages, increased malfunction may be expected and

additional maintenance operations will be required for the lock

gates, operating machinery, filling and emptying valves, and fender

,booms.

It is assumed that abrasion on the lock walls will accelerate as

more vessels and wider vessels travel during winter navigation. The

105 foot vessels tend to force the moving ice into and along the wall

surfaces. Wearing of the vinyl painted gate surfaces will be

accelerated by packed, moving ice.
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Operation ahd repair of the, locks-during winte~ conditiqns,.and-

mintenance and,/or -repaUrr of ice control 'fac-i-litiesi-require -the ,

operation of Corps of Engineers; tugs, -derrickboats,. and gatelifter.

To perform these function's during winter -navigation requires that, the

plant be capable of- effective and -safe operation in, ice covered,

waters.

Traditionally, the wiiter lay-upperiod hadbeen-utilized to

perform annual repairs and major overhauls to the tugs and derrick-

-'boat. With the advent of winter 6peration, the wear-and-tear on

equipment has been accelerated, and because the plant.must be on

stand-by status, opportunity -to perform major repairs or overhauls
has been severely curtailed.

During the Demonstration Program two tugs' have been used

extensively. They are the 65 foot Tug OWEN M. FREDERICK, powered by

a 250 hp direct reversing engine, and the 45 foot Tug WHITEFISH BAY

powered by a 340 hp engine with reverse gear. The use of these

vessels has been necessary to perform the following:

a. removing ice from pier fenders -in the lock approaches,

b. removing packed ice from lock guard gates,

c. assisting in removal of the ice collar in the lock chambers,

d. loosening pack ice in the lock approaches,

e. loosening ice frcm Little Rapids ice boom timbers, and

f. towing and maneuvering the derrickboat during ice boom

repair operations.

In addition, in the event of damage or failure of lock operating

machinery, such as gates, pumps, valves, or safety booms, it is

required that the tug or tugs be available to maneuver the

Derrickboat HARVEY and/or Gatelifter-PAUL BUNYAN to make repairs as

necessary.
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These tugs were not designed for ice operation. The problems,

encountered :and .to be correctad are: (a,)the bow. of -the FREDER CK

shoild 'be of an, icebeaking- design and both tugs," requirer)!a#ver ' bow

framing and plating;, ;(b) the main propulsion .power of the FREDERICK

must be in creaseda conisiderably;' (c) the steering -gears of both tugs

must be strengthened;"{(-d)- the sea chest and cooling water supply on

the WHITEFISH BAY must be modified to function in broken ice

conditions; and (e) the fuel tanks of both tugs must be isolated from

the hull plating to provide for -environmental safety.

The Derrickboat HARVEY (120' x 40' x 8'), with air powered spuds

and deck machinery, has been utilized~for emergency repairs in the

lock area and at the Little Rapids ice boom during extended

navigation conditions. Problems anticipated are: (a) freezing of

spud walls; (b) freezing of clutch and brake machinery; (c) frozen

air lines; and (d) unreinforced hull framing and plating damage.

It has not been necessary to date to activate the steam powered

Gatelifter PAUL BUNYAN during the extended navigation season;

however, for a permanent program, it is considered necessary.

Problems similar to those of the derrickboat are expected. These

problems can all be corrected by vessel modification.

The improved- channels are maintained by sweeping to project

depths and removing located strikes and shoals with derrickboats.

Ibis operation is performed annually in hard bottom channels and in

soft bottom channels where they are susceptible to shoaling,

including the approaches to t1 -, locks which are cleared of

projections above project grade each season. Those high spots

removed are usually minor in he ight (0.5 foot or less above grade).

Since the winter seison of 1970-71, extra shoal removal

operations have been required each spring to restore the west loch

approach to project depth. The shoaling which has occurred has been

as much as 2.8 feet above project depth. The west approach channel
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was constructed by drilling, -blasting, and dredging through sandstone

(j bedrock. Considerable rock was. broken and, loosened by blastag' which

'was not removed' 'in-the dredging process, because.it, i§, below.grade.

:During, winter navigation, the west :approach channel is ice covered

,and:*the -steamer track becomes filed with broken ice. Inorder for

-vessels to travel ,through the ice,. it is necessary, that they use

-considerably more power than is required in 'open water -conditions.

The force of the propeller wash apparently moves the loosened'i broken

rock from below grade into "windrow" shaped shoals which are .built up

'to elevations 'above grade. It is necessary to remove the rock shoals

'to project grade ,before ships loaded to ,summer drqts 1are allowed, to

transit the channel. Shoal removal operations commence as soon as

ice conditionis alleviate enough to allow derrickboats to-work,in the

area. As the majority of loose rock is. removed, this -problem-would

lessen.,

Similar conditions have developed in other reaches of the St.

Marys River system. The imost significant of these reaches is the

Middle Neebish Channel, which is used for both upbound and downbound

traffic during the winter navigation season. The impact of winter

navigation on these channels is estimated to be one and one-half

times that of the impact to maintenance operations in the west

approach channels, Therefore, the total impact of bottom scouring in

the St. Marys River during the winter navigation is estimated to be

85 (34 x 2.5) additional days of channel maintenance work.

Generally, the St. Marys Falls Canal control and dispatching is

efficiently and expeciently performed by a Chief Lockmaster on duty

in the 'canal tower. Dispatches are made by radio FM WUD 31. Ships

reported ic.abound or upbound are received in the tower through a

land phone .r'rn tae U.S. Coasl: Guard. Policy is that of "first

come-first serve." This is adhered to unless extreme extenuating

circumstances prevent that normal procedure. This policy and

operation is proven and is satisfactory to the users.
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'On occasion, when a .la.ge car ,iei appears for lockage, experieilce

has shown that a lengthy lockage delay may resulti Therefoie,4 (9
ponsideration has been, given to a lockage sequence other ,than, "first

ome-first serve." To expedite shipping, it may be a, better choice

to lock through first the ships less than 105 feet -wide provided they

are in the same convoy. These ships do not coat the walls- with ice,

and lockage is easier. Any delays experienced with the large ship

would not then delay the other ships., Other considerations that

remain critical to the judgement of the Chief Lockmaster are

horseower of the smaller ships, locking experience with the wide

ships, existing ice conditions, ice tracks available, ability to

pass, etc. The basic policy of "first come- first serve" should

prevail except when delays are predictable. Two large super-class

vessels locking in sequeutce, without an interval oto eradicate or

remove snow conditions during the winter period, has created

additional safety hazards along pier and lock work surface areas.

It has been observed that ice build-up on the sides of the

vessels moving along the piers sometimes will fall off and shatter

over the work and walk area, causing possible hazards tL' lock

personnel. In addition, wind blown snow overhangs the pier edge,

causing a hazard for those who have occasion to walk to the pier's

edge.

Removing the ice collar caused by winter navigation is

accomplished by use of steam where it is avaiiable. Other ethods of

removing the ice collar are using a backhoe ard chipping with the

bucket or modified ripper, or using a tractor operated ice cutting

chainsaw. All of these methods of ice collat removal present

additional hazards to lock personnel.

It is difficult and time consuming to close the lcck gates at

times during winter navigation. This creates a problem in event of

an injury where the person would have to be brought across the lock.
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,ersceunel involved in outside work are sometimes working in,

dictremely adv&e.:'e weather conditions and-are subject-to -frostbi e.

Appropriate clothing nd safety gear are needed.

'Wiriter navigation poses additional ,difficult-ies in event -of a man

overboard. Injury is more probable because of floating ice in the

water. The water temperature is such that a man would not likely be

able to do much for himself even though he had a life vest on. These

conditions pose additional problems in accomplishing rescue

operations.

Winter navigation poses additional problems in regard to gasoline

and- alcohol storage in the lock area. Gasoline is required for snow

removal and alcohol for thawing frozen air bubbler systems.

Experience has shown that winter navigation promotes circumtances

that increase diving operations. This requires divers to work below

an ice cover and be exposed to cold weather when they surface. Other

problems are with freezing and icing of diving equipment.

Manpower requirements for Lock Operations and St. Marys River

floating plant of the Soo Area were greatest during the regular

navigation season and least during the closed season. With winter

navigation, changes in employee work and vacation schedules have been

and would be necessary.

Proceeding downstream from the locks, the ice cover in Soo Harbor

and the ice bridge above Little Rapids Cut can break naturally under

high winds or thaw conditions and move downstream, sometimes causing

ice jams in Lower Little Rapids Cut. The continual movement of

vessels during the winter increases the amount of broken ice that

could jam in Little Rapids Cut and subsequently cause disruption to
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the Sugar Island ferry. When either thel ferry track becomes filled

with ice, or when ice builds up in the mainland ferry slip, the ferry

is unable to operate. A strong cross current on the island-sSe

normally keeps the island slip clear of ice. There is no cross

current on the mainland' side and drift ice entering the slip can make

landing difficult or impossible.

Occasionally, Coast Guard icebreaker assistance was required to

provide temporary ferry service to island residents and also to

breach ice downstream of the ferry crossing before a new ferry track

could be re-established. For a navigation season to 31 January (plus

or minus two weeks), which has been recommended in the March 1976

Interim Report, an ice boom was recommended at the head of the Cut;

however, for year-round operation, additional ice stability measures

are contemplated. Also recommended was a bubbler-flusher system at

the mainland dock.

Loose tce passing through the boom opening, snow, slush, and

frazil ice tend to collect in the slower velocity areas at the lower

end of Little Rapids Cut and in the upper end of Lake Nicolet.

Repeated ship traffic through this area causes the ice to compact and

layer and to form thick ridges within the navigation channel which

have exceeded 15 feet in thickness. Some vessels, particularly those

underpowered or the lighter, upbound ships have difficulty in

transiting the two to three mile reach where the jam occurs.

The Neebish Island ferry currently stops operating when ice

begins to develop. Accessability to the mainland resumes when the

ice becomes thick enough to support foot or snowmobile traffic. At

this time, downbound vessel traffic is diverted to the Middle Neebish

Channel and does not disrupt normal access to the island. If the

West Neebish Channel is used for future winter navigation, the island

will be isolated from the mainland, which will create access

problems.
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A particular problem in the Middle and West Neebish Channels is

that neither channel can accommodate two-way traffic without a

control ,mechanism. During the sumer .months, the Middle Neebish is

used-,as the upbound channel and the West Neebish is. used as the

doui bound channel.

With the advent of winter navigation, a ship track cuts through

the stable ice cover between inhabited Lime -Island and the Michigan

mainland, destroying the ice cover access uhich was historically

used. For a navigation season to 31 January (plus or minus two

weeks), which was recommended in the March 1976 Interim Report, an

airboat sled would be needed to provide islanders access.

Access to Drummond Island is provided year-round by a ferry

across the mile-wide DeTour Passage. Historically, ferry operations

have been hampered by wind blown ice. Ice can be blown north from

-Lake Huron and jam against the stable ice bridge which normally forms

across the Passage upstream of the ferry crossing. Northerly winds

tend to clear the Passage south of the ice bridge, but frequently,

loose ice is blown along the shoreline at DeTour and/or Drummond

Island. This ice "ends to compact in the ferry landing slips and

hampers the ferry frcm docking.

There is a pilot transfer point at DeTour, Michigan, where the

St. Marys River empties into Lake Huron. The pilots are transferred

by an old fishing tug that is not capable of winter operations. An

improved vessel would be required for a year-round extended season on

the entire system. Only ocean going vessels normally require pilots,

and lake vessels would -present no problem.

Commercial navigation through the solid ice fields in DeTour

Passage does not affect its overall stability. Some loose ice is

dislodged, however, at the edge of the ice bridge along the
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navigation track, which miay add to the difficulty of ferry

operations. The severity of this effect would continue to be-

monitored. Winter navigation during the Demonstration Progrv, has

interfered with the alternate 66,de ofr trarsportation to Drummond

Island. Snowmobiles could no longer sifely utilize the stable ice

bridge north of the ferry crossing because of the vessel track which

is re-opened with each passage.

Since winter flows have been limited to a maximum of 85,000 cubic

feet per second '(cfs) by international agreement, there have been no

serious flood threats in Soo Harbor.

In January 1971 there was one test whereby winter flow was

increased to 91,000 cfs. An ice jam resulted in Little Rapids Cut

and levels began to rise rapidly in Soo Harbor, approaching flood

stage at the Edison Sault Power Plant. The test involved the

emergency de-icing and closing of gates on the control structure.

Flows were subsequently reduced, and Soo Harbor water levels dropped

to a less critical elevation.

Anchor ice is a problem at all the intake water canals of the

three power plants above Soo Harbor. This phenomenon occasionally

occurs during periods of extremely cold temperatures. Water entering

the plant becomes super-cooled and freezes to the trash racks or t .e

turbine blades, reducing power generation. This problem is temporary

in nature, corrects itself, and rarely exceeds 24 hours in duration.

Agglomeratic ice, caused by the churning up of ice in the shipping

lanes, works its way into the turbine intake and has a tendency to

retard the flow of water through the turbines in addition to

contributing to the ice jams forming on the downstream side of the

power plants. Also, frazil ice is formed during periods of extremely

cold temperatures in areas of fast flowing water in the headrace and

tailrace of the power plants and open water areas of Soo Harbor. The

fast velocity prevents an ice cover from forming, but surface ice is
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) generated as a form of slush which can build up around 'intake gates
or .collect downstream in the slower velocity areas, 'pirticdlarly in

the area below Little Rapids Cut. This type of ice is O difficult

to navigate through because of its cohesiveness in frmixig'a thick,

dense barrier.

Vessel movement during winter is further hindered at the tight

turns in the navigation channels of the St. Marys River at eight

problem areas, namely: (1) Birch Point Turn, (2) Middle Neebish

Channel, (3) Angle Course 5 and 6, (4) Angle Course 6 and 7, (5)

Angle Course 8 and 9, (6) Angle Course 9 and 10, (7) Lime Isiand

Turn, and (8) Pipe Island Turn. Because the length of many vessels

varies between 600 and 1000 feet, ice cover in the vicinity of a

tight turn and narrow channel tends to reduce the turning and

maneuvering ability of vessels. Some are equipped with bow thrusters

which direct the bow side to side while others have rudder control on

the stern. As the vessel attempts to turn, frictional resistance

builds up along the sidec of the ship. Frequently, Coast Guard

icebreakers are required to relieve the resistance by working

alongside of the vessel.

Another effect of winter navigation involves increased shoreline

erosion and shore structure damage (primarily docks). Shore erosion

results from broken pack ice moving in a restricted channel. In ice

covered areas along the riverbank, ship-induced disturbances, if

large, may shift this ice and gouge the soil and protective

vegetation, exposing it to erosion in the summer. Areas of deep

near-shore water may be subject to erosion due to moving ice floes

and the drawdown effects of passing vessels.

Drift or pack ice and stable ice, have an effect on shore

structures. Pack ice, because of the pressures generated by its

movement, has been known to destroy shore structures. particularly
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those made of wood. Stable ice has a tendency to adhere to vertical

piles and piers. Fluctuations of the water uiderneath the ide cover

can lift these structures out of position (ice jacking)o Thd'action

of passing ships can also contribute to shore structfire damage by

intensifying these effects. Locations where this effect could be

increased by winter navigation include constricted areas on the St.

Marys River, such as at Brush Point, Big Point, Sugar Island on Lake

Nicolet and Neebish Island Channels.

A severe upstream erosion area in the St. Marys River is Angle

Courses 1 and 2 of the Little Rapids Cut. Some structural damage has

been observed in this reach. The upper reach of this course passes

close to the land along the area known as Mission Point, where the

mainland terminal of the Sugar Island ferry and the Coast Guard

lookout station are located. The banks south of the ferry are rather

low and have been subject to considerable erosion. A few small boat

docks are located on the mainland, but most, including a well

developed municipal harbor, are located on a side channel separated

from the navigation channel by several small islands.

Nine Mile Point on Sugar Island is another identified shore

erosion problem area. Recently, some generally successful attempts

at protection have been made by placing small riprap along the

shoreline in this area. There are no docks here, and shore

structures are not subject to damage. The mainland shore along this

reach is protected to some extent by the "old dump grounds" of

dredged material between the channel and the shore.

Course 5 of the West Neebish Channel has been identified as a

problem erosion and damage area. Currently, however, the West

Neebish Channel is not inttrkded for winter navigation use and these

"natural" problems will not be aggravated by winter navigation

activities.
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Along the Middle Neebish Channel, Course 6, thd shorelines of

bcth Sugar Island and Neebish Island are generally marsh,, except for

a short reach on Neebish Island. A dike about 6,000 feet long is

located on the Sugar Island side of Course 6, beginning at its

upstream end. Some erosion is evident along Neebish Island midway

along the course.

Along Courses 8 and 9 of the Middle Neebish Channel, both bank

erosion and structural damage are evident. The Neebish Island

shoreline along these reaches is well developed with a substantial

number of docking facilities located between Mirre Point and Johnson

Point. Some of the docks are heavily constructed, but many are not.

Sensitive erosion areas (8,000 feet) were identified along the

St. Marys as being subjected to true erosion in the March 1976

Interim Report. A recommendation was included in the report for

authorization for advanced engineering and design of protective

measures for these areas and areas subjected to structure damage.

The areas are at Little Rapids Cut, Nine Mile Point, Six Mile Point,

Course 6 and Johnson Point of the Middle Neebish Channel. Additional

studies by the U.S. Army Cold Regions Research and Engineering

Laboratory have been conducted, including a series of observations

over an 18 month period ending in November 1978, and additional areas

are being considered for protection in this report.

The passage of ships during winter ice conditions can disrupt the

regime of both the ice and underlying water systems. Problems

associated with ice in direct contact with soil as well as the

combined effects of ice and navigation on the hydraulics of the river

system may occur.

Large scale navigation during the winter ice season exerts a

major influence on river hydraulics. Measurements of near bottom

water velocities during vessel passage have shown changes in water

movement direction of 1800, with velocities often far in excess of
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ambient conditions. This is usually accompanied by obvious sediment

transport. In addition, vessel passage and 1cebreaking activities

which. "pack" broken ice under surrounding ice dover further constrict

the river cross section and may amplify ship-induhed disturbances.

Under ice-covered conditions, the ship-induced water level surges

observed under open water conditions are partially transformed into a

form of closed conduit pressure surge. As this pressure surge (with

attendant higher water velocities) approaches the shore it may cause

the ice to break at or near the shore, allowing sediment-laden water

to spray out onto the ice cover. If an active crack (one which

remains broken throughout the season) is present, a nearshore trough

in the bottom may be formed by scour at the crack.

Although shore ice may armor the river bank through much of the

winter, ship-induced disturbances, if large, may shift this ice and

gouge the soil and protective vegetation, exposing it to erosion in

the summer. During spring break-up, the artificially high water

velocities caused by ship passage may cause a more rapid ice runout

than the normally low river velocities.

Once the shore ice has left, the unnatural nearshore profile

brought about by ship-induced water velocity and pressure

disturbances may be readjusted at the expense of material located

farther onshore and ultimately, the river bank.

There is a unique problem that occasionally occurs adjacent to

upper Lake Nicolet between Frechette Point and Six-Mile Point. Based

on interviews with local residents, it appears that some ships

passing through this reach of the river during ice cover conditions

transmit vibrations to the shore and shore structures. These

vibrations are reportedly severe enough at times to cause structural

damage to the buildings. Although this has been reported at several

locations within this area, residents at either end of this reach and
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in-other similar areas on the river have not experienced this,

problem.

The effects of winter navigation upon recreatioi stem from the

weakening of the ice cover in the channel, which could make the

remaining ice cover unsafe for "oh ice" activities, such as ice

fishing, or gaining access to fishing s ltes. The predominant group-

affected is recreationial ice fishermen. On the St. Marys River,

affected areas include Waiska Bay, Mosquito Bay, Brush Point, Big

Point, Sugar Island on Lake Nicoler, Neebish Island on the West

Channel, Raber Bay,, Maud Bay, and Lake Munuscong on the Michigan

shore. The St. Marys River, in addition to providing a channel for

the passage of vessels, supports considerable sport fishing,

including ice fishing which peaks in late winter. A popular area for

this activity is at the north end of the Neebish Island rock cut. In

general, ice fishermen avoid areas of heavy vessel traffic. The

winter ice surface also provides an avenue for travel by man and

animals along and across the river, including snowmobiling for

pleasure and transportation to fishing sites. Ice boating, though

popular in the region, is rarely practiced on the river due to the

roughness of the ice surface. Animals which may traverse the ice

include such recreationally valuable species as moose, deer, and

bobcat. Considerable ice fishing takes place immediately south of

the vessel track in the St. Marys River, above the Soo Locks complex,

between Big Point and the mouth of the Waiska Ritier. The largest

concentration of ice fishermen is in the easterly portions of

Mosquito Bay and Waiska Bay. A few ice shanties have been located

within 100 yards of vessel tracks.

Lake Michigan and Lake Huron

Windrowing, rafting, and shifting ice conditions continue to be a

problem which frequently hampers winter navigation, particularly in

the northern half of the lakes. Icebreaker assistance is often

A-97



required to reopen navigation tracks and relieve pressure against the

sides of ships. Ships are often grouped in convoys prior to

transiting the northern half, of Lake ,Michigan, Lake, Huron, and the

Straits of Mackinac -to facilitate movement through these areas.

Shifting ice conditi6ns, particularly along the southern! half of Lake

Michigan shorelines, create problems at the entrance to the harbors,

causing difficulties for vessels entering and exiting the harbors.

There are 14 major harbors in Lake Michigan as shown in Figure 6.

Problems relating to winter navigation at each harbor are described

below.

Port Inland Harbor, Michigan, located in northern Lake Michigan,

is a private harbor owned by the Inland Limestone Company and used

primarily to ship out limestone, sand, gravel and crushed stone.

Currently, the harbor is closed during the ice season because the

nature of stone processing prohibits winter operation. There are no

plans to extend the navigation season at this harbor.

A stable ice cover up to two feet thick forms within the harbor.

The area outside of the breakwaters is usually ice free due to

prevailing winds which breaks up the ice as it forms and blows it

south into the lake. Other than the relatively thick ice in the

harbor, there are no apparent problems that would hamper year-round

navigation.

Escanaba Harbor, Michigan, is situated on the west shore of

Little Bay de Noc, which generally freezes to a solid uniform ice

* cover. By mid-January the ice thickness is usually two feet and

stabilizes between two and three feet thick by the end of February.

Usually, in early April, the entire ice cover in the bay will move

out rapidly, under northe.r1y winds, sometimes within a single day.

Year-round shipping has occurred in 1976-77 and 1977-78 with incoming

petroleum products and outgoing taconite pellets. In 1978-79 vessels
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operated in Escanaba Harbor until mid-February 1979. Theh, due to

rafted ice, yessel traffic ceased until the end of March. Unless

there is frequent ship traffic to keep a broken ice channel open and

limit re-frozen brash to less than 12 inches, ships need assigtance

to transit from the harbor entrance to the dock area. As opeh water

in the vessel track was exposed to cold air, brash ice accumulated in

thickness greater than the original ice zover on either side of the

channel. Ships without sufficient power have become stuck in this

brash ice. Another problem experienced was ice jamming between the

ship and the docks, preventing the ship from getting close enough for

loading and unloading.

Green Bay Harbor, Wisconsin, has 37 docks located along a 3.5

mile reach of the Fox River, which are used to ship a wide variety of

products, including oil, soap, cement, and paper. Navigation into

the harbor usually ceases in mid-December and resumes in late March.

Ice in the harbor and along the docks generally forms a stable

uniform cover about 18 to 24 inches thick. The river ice is weaker

than ice in Green Bay due to the chemical effluent from numerous

paper companies upstream. The main area of Green Bay usually begins

forming an ice cover in December. Northwesterly winds tend to create

windrows which become major obstacles to ships heading south towards

the harbor. Normal ice thickness can exceed two feet between

windrows.

Problems anticipated for year-round navigation include keeping a

track open in tha harbor and keeping ice away from the docking areas

to allow ships to berth. There is also a concern that frequent ship

traffic will allow heavy brash ice to form in the broken areas and

hamper ship movement, particularly underpowered vessels.

Port Washington Harbor, Wisconsin, located about 29 miles north

of Milwaukee, currently operates year-round. The major commodities
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shipped include coal, gasoline, and fuel oil. The lake area outside

of the harbor is usually ice free due to the pred6uinant Off~h6re U
winds. The area within the harbor remains open due to the theimal

discharge from Wisconsin Electric Power Company. As a result, no ice

problems exist which would cause unusual delay s to shipping.

Milwaukee Harbor, Wisconsin, is a large port area which includes

an outer harbor protected by offshore breakwaters and an inner harbor

consisting of the lower reaches of three rivers, two canalev, and a

municipal mooring basin. A wide variety of produdtcz are shipped

through the harbor, including non-metallic miinerals, scrap metal,

coal, gasoline, and cement. During the winter, railroadi car ferries,

petroleum tankers, and Lake Michigan freighters navigate between

Milwaukee and other southern Lake Michigan ports.

The predominant westerly winds tend to keep the western shore of

Lake Michigan, including Milwaukee Harbor ice free during most of the

winter. Even during a severe winter, ice cover in the outer harbor

rarely exceeds 14 inches. Frequent ship traffic keeps a brtken path

open and refrozen brash ice is generally less than six inches in

thickness. As a result, ships experience only minor delays due to

ice.

Chicago Harbor, Illinois, hes an outer and inner basin. In

addition, a lock and controlling work gives access to the north inner

basin and the entrance to the Chicago River.

There is considerable tug-barge traffic which utilizes the

Chicago River and Chicago Sanitary and Ship Canal. This reach

usually remains ice free throughout the winter. At present, only

liquid cargo barges operate in Lake Michigan between Chicago Harbor

and Indiana Harbor during the winter months. Ice conditions in

southern Lake Michigan vary considerably and readily change with

shifts in the wind. Ice pieces tend to accumulate along the southern
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shore and will temporarily pack up to 15-20 feet thick and extend

( 20-25 miles out fromshore.. Durir g these periods, ships exper-ence

major problems operating and frequently are beset in pack ice several

miles from the harbor entrance. This condition is transient. When

winds shift direction or change intensity, the ice pack will loosen

and allow shipping :to resume.

Calumet Harbor, Indiana-j& Illinois, is located about 12 miles

south of Chicago Harbor on the border between Indiana and Illinois,

Commercial navigation occurs on a year-round basis; however, winter

navigation primarily consists of tug-barge traffic hauling slag,

scrap metal, and steel between Burns Waterway and Calumet Harbor.

Iron ore is also shipped to Calumet Harbor from Two Harbors,

Minnesota,, during the winter. Winter ice conditions are similar to

those of Chicago Harbor. Most ice problems occur when northerly winds

consolidate drifting ice into packs 15-20 feet thick and extending

20-25 mllea from shore. When the wind changes direction or lessens in

intensity, the pack will loosen and allow navigation to resume,

generally vithin 48 hours.

The maximum ice thickness in the Calumet River is about six

inches and is kept broken by frequent tug-barge traffiu. However, in

Lake Calumet, the ice can grow to a thickness of two feet, which can

cause docking problems for ti-,s and ships.

Indiana Harbor, indiana, consists of a man-made ionr and outer

harbor located seven miles southeast of Calumet Harbor. Currently,

tug-barge commercial navigation occurs on a year-round basis between

Indiana Harbor aud Chicago. The entire harbor, including the canal,

is normally ice free due to the thermal discharge from the Inland

Steel Company. Ice problems encountered by ships at the harbor

entrance are due exclusively to the wind driven pack ice, which can

extend up to 25 miles from the harbor entrance, Maximum delays
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anticipated are about -t,'4 days before winds shift direction and/or

initefisity. This loosens the ie pack and allows navigation to

resume.

Buffington Harbor, Indiana, is a privateharbor, owned Uy the

Gniversal Cement Division of the U. S. Steel 'Gorporation. Itis

generally closed during the winter period mid-December to late March

or April. Ice conditions at the harbor entrance are directly related

to the general ice conditions in.southern Lake Michigan. On-shore

winds will temporarily cause ice to pack up to 15 to 20 feet in depth

and extend up to 25 miles into the lake. As is typical, the problem

is transient and usually lasts up to two days at a time until winds

shift or lessen in intensity, allowing the pack to loosen or drift

into the lake. Ice within the harbor and docking area forms a

maximum three to four inches in thickness and should pose few

problems to ships using the facilities.

Gary Harbor, Indiana, is a private man-made harbor developed and

owned by the U. S. Steel Corporation. During the years 1974-75,

1975-76, 1977-78 and 1978-79, U. S. Steel ships have operated

year-round between Gary Harbor and Two Harbors, Minnesota. Ice

problems are similar to other southern Lake Michigan harbors when

northwesterly winds temporarily pack ice up to 20 feet thick

extending up to 25 miles into Lake Michigan. This condition rarely

lasts more than two days at a time. During the last 15 years, these

conditions averaged two days in January, four and one-half days in

February and seven days in March with an average duration of one and

one-half days and a maximum duration of five days. Navigation can

resume when winds shift or lessen in intensity. The area within the

harbor is relatively ice free due to the thermal discharge from the

steel mill.

Burns Waterway Harbor, Indiana, is an artificial harbor on the

south shore of Lake Michigan located between the Bethlehem Steel and
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Midwest Steel Corporation Complexes on Indiana Port Commission,

Qproperty. Iron ore, which is shipped year-r6und,umkes up80percent
of the total tonnage in Burns Harbor Tug-barge operations carry#ing

'slag, scrap metal, steel, coal and: liquid, fertilizer are also,

conducted during the winter months. The,.barges operate freely in the

harbor. They keep the- existing ice cover broken and experience only

minor delays due- to ice. As discussed earlier, the problems at the

ports in southern Lake Michigan are not within the harbors, but are

within the 25 miles of wind packed ice at the southern end of the

lake. This can cause 'delays of up to two days before the wind

changes direction and/or intensity, and allows navigation to resume.

Grand Haven Harbor,-Michigan, located in the mouth and lower

portion of the Grand River, is normally closed to navigation from

mid-December to late March, until, ice has left the harbor. The major

impediment to winter navigation occurs during periods when pack ice

is blowing towards shore. Broken ice will enter the harbor and build

to a thickness of three to eight feet. This condition may exist up

to one mile from the lake. Above this point, an ice cover in the

Grand River is stable and may reach one to one and one-half feet in

thickness. Depending on wind speed and duration, windrowed ice can

jam up to 12 feet thick at the harbor entrance. This problem is

transient and can persist from several hours to several days.

Muskegon Harbor, Michigan, is located in Muskegon Lake just

inland from Lake Michigan. Entrance into the harbor is accomplished

through a 200 foot wide channel protected by breakwaters extending

out into Lake Michigan. The general navigation season usually ends

in late December and resumes in March. Car ferry steamers currently

operate on an unscheduled basis during the winter between Muskegon

and Milwaukee. Nbst ice problems are not in the harbor but at the

harbor entrance and out into Lake Michigan with wind driven pack ice.

The presence of the ice does not prohibit current operations, but it

does cause delays until the winds shift and/or lessen in intensity.
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Windrows up, to 12 feet thick have, ,blocked the harbor entrance

preventing ships, 'ncluding icebreaking vessels, from entering or

leaving the harbor. ;These conditions are dependent on vind

conditions, -which usutlly change within eight hours but may last as

lone as six days. The .ce in Lake Muskegon is generally solid and

unifo-m, .growing 18 to 24 inches in thickness. The car ferries and

barges keep the navigation track open and experience little

difficult in the harbor.

Ludington liarbor, Michigan, Is located in Pere Marquette Lake

Just within the Lake Michigan shoreline. The outer basin in the lake

is enclosed by two converging breakwaters. The general navigation

season usually ends n late December and resumes in March. Car

ferries operate year-round between Ludington and the Cities of

Milwaukee, Manitowoc, an4 Kewaunee, Wisconsin, averaging four

transits per day.

Ice problems are similar to Grand Haven and Muukegon Harbors. A

west wind will push drifting ice into the harbor entrance. Depending

on "ind speed and ice size, the ice can extend to the bottom as

floating ice floes, brash ice, or as jammed or windrowed ice in

exces of five feet thick. A typical jam lasts one to three days but

may stay for several weeks. Easterly winds will blow the ice back

into Lake Michigan. This does cause problems to winter navigation

generally between mid-February to mid-March with maximum delays of 12

hours. In the protected waters of Pere Marquette Lake and the

connecting channel, ice can grow to two feet thick with jams and

windrows. However, the frequent movement of car ferries and

tug-barges keeps the navigation channels open to traffic.

Although ice floes and brash ice are usually present in the

docking areas, ship operators indicate they can maneuver their

vessels into the docks with a minimum of problems.
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There are six major harbors in Lake Huron as shown in Figure 8

( , and described under Base Conditions. Ice, Problems that may affect

winter navigation are described below.

Drummond Island Harbor, Michigan, is primarily used to ship

limestone, sand, gravel, and crushed rock. It is closed in winter

because the wet-wash process used in quarry operations causes the

stone to freeze into a solid mass. If the harbor is to be used

year-round, a major ice problem anticipated would be keeping a vessel

track open into the harbor and dock area. Presently the maximum ice

thickness ranges between two and three feet.

Port Dolomite Harbor, Michigan, is well protected by the Les

Cheneaux Islands and consequently forms a solid ice cover up to three

feet thick in and around the harbor area. Major problems anticipated

are maintaining an open vessel track into the harbor, turning basin

and along the dock area. Year-round use of this harbor is not

anticipated until a dry method for processing 1-imestone is developed.

Calcite Harbor, Michigan, is used to ship limestone during the

ice-free months. A stable ice cover up to two feet thick generally

forms in the harbor. Outside of the harbor, ice occasionally

windrows up to five feet thick. This condition only occurs about

four percent of the time. Normally, the outer harbor area is kept

open by predominant offshore winds. The major ice problem

anticipated will be keeping a vessel track open into the harbor and

dock area.

Stoneport Harbor, Michigan, is a privately owned harbor used to
ship limestone during the ice-free months. Ice conditions in and

around the harbor may vary from level ice up to 18 inches thick to

windrowed ice up to five feet thick. The windrowed condition is

usually temporary since predominant northwest winds tend to blow the
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ice -back into the lake. It isanticipated that ships would have

problems navigating through windrowed ice and also. in berthing. close

to the dock unless ice is first cleared from the shp area.

Alpena' Harbo', Michigan, is closed during the coldest months,

January through March. Ice conditions vary from year to- year. The

harbor and bay are us.ally open, but southeasterly winds can pack the

harbor with ice floes up to three feet thick and cause heavy ice

windrows in the bay. This condition may last from a few days to

several weeks until offshore winds blow the ice back into the lake.

Ships would have difficulty navigating into the harbor or docking

during those times when ice fills the harbor.

Ports on the Saginaw River, Michigan, are located along 17 miles

of the river at the Cities of Essexville, Bay City, Zilwaukee,

Carrollton, and Saginaw. Ice problems are expected to be minor

because the river usually remains open, but it may on occasion

develop a weak ice cover, generally less than one foot thick. Major

problems anticipated are maintaining a vessel track outside of the

harbor, through Saginaw Bay, where level ice can exceed two feet in

thickness and windrowed ice can build to six feet in depth. In

addition, the vessel track through the bay may restrict ice fishing

and snowrmobiling, popular recreation activities for many people in

the area.

Straits of Mackinac

Problems in the Straits are directly related to shifting ice

conditions requiring a need for maintenance of a vessel track through

the Straits for the vessels to o ° cate in.

Heavy ice conditions in the Straits area would prevent vessels

from careening into the Mackinac Bridge abutments. Even in high

winds, vessels are more or less held in the vessel track, thus

preventing any major mishap.
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St. Clair River, Lake St. Clair, Detroit River" Systeh

Ice conditions within the St. Clair River have not changed

significantly during the period of demonstration of winter

navigation. There has not been extensive enough shipping through the

ice bridge, which occurs naturally at the head of the river at Port

Huron, Michigan, during mid-winter, to determine if significant

amounts of ice are added to the system. There have been instances

when ships have passed through without affecting the integrity of the

ice arch or the ice cover in Lake Huron. A few loose pieces of ice

have broken off to drift downstream near the navigation track, but to

date, no major ship-caused release of ice has been documented.

However, if winter navigation were to continue regularly through the

ice bridge area under all types of wind and weather conditions,

additional ice could be added to the lower river, causing an increase

in the frequency of occurrence of ice jams in the lower river in the

vicinity of Algonac, Michigan.

Ice jams have continued to be a problem in the lower St. Clair

River, particularly during February 1973 and March 1975 when there

was significant flooding in the Algonac-Marine City area. This

problem was compounded by the near-record high lake levels that

prevailed throughout the system during those years. The ice jams

resulted from unusually large quantities of ice that entered the

river from Lake Huron after strong winds and thaw conditions broke up

the stable ice cover. Southern winds would first blow the ice cover

north into Lake Huron, then strong northern winds would blow the

broken ice floes back into the river. A solid ice jam formed over

the lower river from Lake St. Clair upstream 15-16 miles to Marine

City. The northern winds compacted the ice into layers several feet

thick in many areas. These ice jams retarded the abnormally high

flows such that levels rose upstream and flooded numerous homes in
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the low-lying areas adjacent to the river. This condition persisted

for several days until repeated icebreaker passage through the jam

area,. coupled with the action of current eroding the jagged

undersurface of -the ice cover, caused levels to recede below flood

stag,. During the initial development of these i,cr, jaii' situations,

the passage of commercial vessels %s suspended so as not to further

contribute to the problem.

A heavy ice jam that persisted through much of the winter has

covered the lower river for three of the seven winters of the

Demonstration Program. This has frequently caused ships to become

stuck in the ice, requiring icebreaker assistance for getting then

moving again.

Generally, dock and shore structure damage occurs during periods

Lof heavy ice jams. Some damage has occurred in the Algonac area and

along Harsens Island when large ice floes collect around a structure

and freeze together in a large mass. Occasionally, this ice will

move under the forces of wind, current, winter navigation, or ice-

breaking activities and cause damage to the structure. Many dock

owners have placed large wooden pile clusters just off the upstream

end of their docks to act as a shock absorber for floe ice. This

also helps lock in shore ice in the shallow area shoreward of the

pile cluster. Without such protection, small docks have been damaged

by normal, current moved ice floes.

In addition to dock and shore structure damage due to ice jams,

damage has beep reported by dock owners along the St. Clair River

resulting from the wakes of passing vessels moving broken ice against

and under the structures during periods of significant ice in the

river. This causes the structural components to be lifted up, pushed

back, or sheared off with resultant property damage occurring.
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There have also been isolated cases of shoreline erosion caused

Y) by ice piling on shore, generally resulting from the natural effect

of wind and current. Much of the shoreline is protected by steei,

stone, and wood seawalls. Recent high lake levels have caused

extensive erosion along the highway opposite the Algonac State.Park.

A series of rock-filled gabions have been effective in stabilizing

this stretch of shoreline.

Ferry operations across the St. Clair River have not been

significantly affected by winter navigation during the Demonstration

Program as determined by discussions with each ferry owner, with the

possible exception of Harsens Island. There is a general feeling

that winter navigation can both help and possibly hinder ferry

operations. When the St. Clair River is blocked with ice, the winter

* traffic up and down the river helps loosen the ice and- facilitates

ferry movement. There is some concern that continual winter traffic

through the ice bridge at Port Huron may cause additional ie floes

which could hamper ferry service.

The pilot transfer point at Port Huron, Michigan, is located

downstream of the Blue Water Bridge on the American side of the St.

Clair River. As this section of the river is relatively free of ice

during the winter months, pilot transfer problems should be minimal.

The three power generating plants on the St. Clair River have

reported some problems with heavy ice cover blocking cooling water

intakes. There is some concern that continual navigation through the

ice bridge area at Port Huron could increase the volume of ice floes

in the river and possibly add to this type of interference. Utility

officials have expressed an interest in being kept continually

appraised of season extension plans so that compatibility with the

maintenance and operation of generating facilities can be assured.

Power plant personnel also noted that increased ice jams could

interfere with tug-barge oil deliveries, which currently supplement

the use of coal. They believe that winter navigation will benefit
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power production by allowing coal to be shipped in throughout the

winter.

The effluent from the power plants along the St. Clair River may

slightly reduce the ice retardation in that river. However, at this

time, no data have been collected on the river to substantiate this

hypothesis.

Ports on the St. Clair River, as shown in Figure 9, are

primarily located in the upper river at Port Huron, Marysville, and

St. Clair, Michigan, and are usually ice-free most of the winter,

except for occasional ice floes moving down from Lake Huron. There

are no anticipated problems at the docks, but ice jams in the lower

St. Clair River are frequent and severe enough to halt shipping. The

jams may completely clog the channels and may last for days or

possibly weeks.

Lake St. Clair normally remains frozen over much of the winter.

Vessel traffic is confined to a 1,000 foot wide navigation channel

that is dredged to a 27 foot depth through the length of this shallow

lake. Vessels occasionally experience difficulty in transiting this

reach when wind shifts the ice cover, either closing the navigation

track or shifting it away from the dredged channel. Icebreaker

assistance is usually required to re-open the channel.

A large ice arch (bridge) continues to form at the head of the

Detroit River one to two miles upstream from Peach Island. During

periods of sub-freezing temperatures, the edge of the ice bridge will

extend downstream to Peach Island, forming an ice arch on either side

of the island. During periods of wind and thaw conditions, the ice

bridge will fracture and erode back into Lake St. Clair, causing

large ice floes to drift downstream and occasionally jam in the lower

river. Vessel traffic appears to cause additional ice to fracture

adjacent to the navigation track. It is difficult to assess any
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significant increase in ice quantities'that entered the river during

( the-Demonstration Program. Winter navigation ,has prevailedofor many

years with the almost daily round trip tug-barge fuel deliveries

between Sarnia, Ontario, and Detroit-Windsor power plants. There

does appear to be a-slight increase in ice floes ,passing downstream

related to the increase in vessel traffic.

Two railroad car ferries operate year-round across the upper

river between Detroit, Michigan, and Windsor, Ontario. In addition,

there are unscheduled'operations across the river with tug-barge type

vessels carrying oil and salt to various docks up and down the river.

There have been some complaints from ferry operators that tee

floes seem to be heavier in recent years. They particularly

mentioned the 1976-77 winter when one railroad ferry and one

tug-barge operator were not able to operate for several days because

of the heavy ice cover and/or floes in the river. This could have

resulted from a combination of demonstration vessel transits and the

severity of recent winters, particularly 1975-77.

The Detroit River pilot transfer point is located upstream of

the Ambassador Bridge on the American side of the river. The pilots

are transferred on the mailboat, which is not capable of winter

operation. An adequate vessel would be required for year-round total

system operation. This problem would occur only if and when ocean

going vessels enter the system, as lake vessels do not require

pilots.

The lower Detroit River tends to freeze over where the river

widens into a series of channels and shallow areas. Winter

navigation is restricted to the dredged, diked Livingstone Channel

which also allows floe ice to enter Lake Erie. If easterly winds

blow Lake Erie ice into the lower end of the Detroit River, ice jams

can temporarily plug the Livingstone Channel. The ice jams both

hamper navigation and cause water levels to rise upstream.
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Icebreaker assistance is usually required to loosen the ice in

S-Livirigtone Channel and- clear a path- into Lake Erie until westerly

winds blow the ice back into Lake Erie. Upstream flooding does not

appear to be a- serious problem. Most shoreline development is

designed to tolerate occasional high levels resulting from windblown

water backing upstream from Lake Erie during the open water season.

Similarly, shoreline erosion does not appear to be a serious

problem. Most shoreline is protected against the current, waves, and

changing water levels. Winter navigation is confined to the rock

dike Livingstone Channel in the lower river. Most of the upstream

shoreline is protected with some form of steel, wood, or rock armor.

Ports on the Detroit River, along the Michigan side, and shown

in Figure 9, are located at Detroit, the Rouge River, Ecorse,

Wyandotte, and Riverview. There are no significant ice problems at

the docking and berthing areas. Occasionally, docks may be

surrounded by a thin layer of sheet ice or a layer of loosely packed

broken-up floes, but this does not hamper operations.

There are occasional ice jams in the upper and lower river that

will temporarily halt or slow down navigation until Coast Guard

icebreakers can reopen the channel.

Lake Erie

Lake Erie, being the shallowest of the Great Lakes, is likely to

freeze completely over during the winter months. Navigation occurs

primarily from the upper lakes into the harbors located along the

south shore of the lake. Icebreaking assistance and escort service

are considered essential: on the western end of Lake Erie, to

maintain a broken ice track to Toledo and Monroe Harbor; to and
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through Pelee Passage to keep the main navigation channel ice 't+ ck
open; and on the eastern end of Lake Erie.

Shifting ice conditions are a major problem on Lake Erie,

particularly along the southshore harbor entrances and in-,the

western portion of the lake. Because of its shallowness, navigation

through the lake, especially on the eastern end, can be very

difficult during the spring breakup period when ice turns to a slush,

condition. This shifting ice has historically created shore erosion

problems in the eastern end of the lake. Icebreaking and

high-powered vessels can have considerable difficulty. moving in these

conditions. Preliminary estimates Of the necessary icebreaking

requirements for this reach have been determined by the U.S. Coast

Guard.

There are 12 major harbors in Lake Erie as shown in Figure 10,

and described under Base Conditions. Ice problems related to winter

navigation are described below.

Monroe Harbor, Michigan, is normally closed to navigation January

through March. Major problems anticipated with winter shipping are

in maintaining an open vessel track through two feet of stable ice at

the harbor entrance and through one foot of ice in the navigation

channel and dock areas.

Toledo Harbor, Ohio, has experienced winter navigation for

several years with coal shipments being made to power plants along

the Detroit River. Although ice thickness up to two feet is

experienced in the harbor approach, frequent vessel traffic usually

keeps a broken channel through the ice. Occasionally, a Coast Guard

icebreaking tug is required to reopen the channel, but winter

navigation problems are minimal at this harbor
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Marblehead Harbor, Ohio-, is primarily an unsheltered private

dock extending put into deep water and is used -to ship limestone

durinig the ice-free months. Major problems anticipated duftig wifizer

navigatioi are maintaining, an 0pen vessel track through 'up to two

feet of' stable ice to the dock area. On rare occasfons', windrowed

ice up to ten feet thick may pile up against the dock. However, this

condition is usually temporary, lasting less- than five days.

* Sandusky Harbor, Ohio, is located in shallow Safidusky ,Bay and is

normally closed to navigation during the winter inths. Major

problems anticipated during winter navigation operations -i11 be

maintaining a vessel track through a maximum of two feet of ice, a~t

- - the harbor entrance. In addition, ice eight to ten inches thick

adjacent to the docking areas may hinder docking operations.

Huron Harbor, Ohio, is' normally closed to navigation during the

winter months, January through March Me jor problems anticipated for

winter navigation are maintaining a vessel track through the

navigation channel and docking area in ice up to 20 inches thick.

Also, ice windrows across the harbor entrance may exist for periods

up to five days during periods of strong, onshore winds.

Lorain Harbor, Ohio, is normally closed to navigation during the

winter months, January through March, altb .ugh ore carriers have come

into Loraih as late as early February in Y#ecent years. The major

impediment to year-round navigation is the# periodic ice jams at the

harbor entrance that can at times extend to the channel bottom. This

problem is transient, but the frequency, magnitude, and duration

depend primarily on the -prevailing wind conditions.

Cleveland Harbor, Ohio, -is normally closed to navigation,

January through March, except during the winter of 1973-74 when ore

carriers used the outer harbor until early February. The major

impediment to year-round navigation is the periodic ice jams that

form at the harbor entrance that can, at times, extend to a depth cf
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16 feet. Similar to icd problems at Lora6inHarbor, the;-frequency,

magnitiide and duration. 6f the j4ms -d-pend on ,the preyv1ing wind

conditions. Thesd conditi6ns rareiy last mbre than four -days at a

time before winds shift -afid' move- the ice away, fr6m the harbor.

Faitport Harbor is, normally closed -:o navigation during. the

Winter months, primarily 'becau se inst, of the- present traffic consists

of quarry products whiih.are not available in 'winter. The major

problem to year-round- navigation is the periodic ice jams that form

at the harbor entrance that can, at times, extend to the, channel

bottom. These conditions rarely last more then a few-days at a time,

but frequency, magnitude, and duration depend on -the: prevailing wind

conditions. There is a level ice cover over, one foot thick in the

navigati6n channel and docking areas that could present a navigation

problem to unescorted ships. Ice skating, boating and fishing

activities in the outer harbor may be curtailed in the vicinity of

the shipping lanes.

Ashtabula Harbor, Ohio, is normally closed to navigation three

to four months each winter. As typical with many harbors along the

south shore of Lake Erie, ice jams at the harbor entrance present the

major impediment to year-round navigation. These conditions are

transient, but frequency, magnitude, and duration depend primarily on

pre,.ailing wind conditions.

Conneaut Harbor, Ohio, has experienced year-round navigation

and/or late winter shipping in recent years. The major problem that

hinders winter navigation is periodic windblown ice jams which form

at the harbor entrance. These have, at times, extended to the

channel bottom. They rarely last more than a few hours. or days,, but

frequency, magnitude, and duration is dependent on the -prevailing

wind conditions.
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Erie Harbor, Pennsylvania is located in a well-sheltered bay

that develops a, stable ice cover two to three feet thick. It is

anticipated that- the major problem to hinder winter navigation will

be mihtaining an open, vessel, track into the harbor, and around the

dock: asreas. -In additioni there isoan occasional and temporary

pfoblem with.windrows that. form outside of the harbor entrance.

There is extensive winter recreational use of 'Presque Isle Bay,

primariiy for ice fishing, ice boating, and snowmobiling. Some

problems could arise from people straying into the harbor area if it

is not sufficiently marked.

Buffalo Harbor, New York, comprised of about 4.5 miles of

lakeshore protected by breakwaters, plus sections of the Buffalo

River, the NiagaraoRiver, and several short ship canals, is normally

closed to navigation three to four months each winter. Prevailing

southwest winds tend to cause windrowed ice to back up into the lake

for several miles, including the north entrance to Buffalo Harbor.

Unescorted ship passage through these jams ic ,not possible.

Occasionally, even ice breakers have difficulty in moving through

this area, which raises the possibility that harbor operations could

be curtailed in the latter portion of the winter. The north part of

the harbor and the Black Rock Canal is generally covered with level

ice up to two feet thick that could hamper navigation, particularily

at the docking and berthing areas. Some ice fishing that occurs in

the harbor may be restricted by winter navigation.

Niagara River

No commercial navigation is anticipated for the Niagara River

during the ice season. During the open water period a limited

number of vessels transit through the Black Rock Canal lock (which

bypasses the swift current under the Peace Bridge) to visit ports in

Tonawanda and Niagara Falls, New York.
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f Bladk Rock Canal

This canal'and'lock Is, not anticipated' to operate-during the

winter season.

Welland Canal

The Canadian Welland Canal, which provides the deep draft

navigation connection betweenLake Erie and Lake Ontario, includes a

series of eight locks interconnected by deep draft (27 foot)

channels. A number f- winter navigation improvements are in various

stages of consideration ahd construction at this facility. Icing of

lock gates and ice buildup in gate recesses and at the lock

approaches are among those problems associated with winter

navigation. Problems are very similar to those experienced in the

locks at Sault Ste. Marie in the St. Marys River. A heavy ice

condition at the Lake Erie entrance to the Welland Canal due to

wind-blown ice on Lake Erie is a significant problem hindering winter

navigation.

Lake Ontario

Lake Ontario is relatively ice free during most winters with the

exception of the eastern one-quarter where the prevailing winds and

shallow depths combine to produce and raft significent ice

thicknesses. Navigation would occur primarily along the lake between

the eastern end of the Welland Canal at Port Weller and the head of

the St. Lawrence River at Tibbetts Point. Active Canadian ports are

expected to be Hamilton, Port Credit, Toronto, and Oshawa, Ontario.

There are only two commercial harbors along the United States

shoreline in Lake Ontario as shown in Figure 12 and described under

Base Conditions. Ice problems affecting winter navigation are

described below.
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Rochester Harbor, New York, is not used in winter. ,Prior to

1950, a car ferry operated year-round to Cobourg, Ontario. Because (
of the harbor location, the predominant winds and current keep the

outer harbor area ice free most of the winter. The harbor, river,

and dock area usually remain open throughout the winter. During a

severe winter, the docking areas may experience two to three inches

of level ice. The harbor can currently operate year-round with no

delays or problems due to ice.

Oswego Harbor, New York, is located about 45 miles south of the

head of the St. Lawrence River. The harbor is the terminus of the

'Oswego Canal, of the New York State Barge Canal System, and consists

of an outer harbor enclosed by a breakwater and an inner terminal

harbor in the Oswego River. The normal navigation season corresponds

to the opening and closing of the Welland Canal and the Seaway.

Major commodities shipped at the harbor are fuel oil, cement, and

crude petroleum.

St. Lawrence River

With improvements in icebreaking and ice control works, the

season in the most easterly Canadian section, from the Gulf of St.

Lawrence to the City of Montreal, is open to shipping on a year-round

basis. The westerly portion, from Lake Ontario to Montreal Harbor

(Figure 13), below St. Lambert Lock, is closed to navigation from

about mid-December to early April for two primary reasons. First,

ice in the river presents a major obstacle to ship movement and could

prevent ship passage. Second, ice jams could impact on power

generation at the major Moses-Saunders hydroelectric generating

station that exists in this portion of the river. There is concern

that ship traffic would disrupt the integrity of stable ice cover in

critical reaches of the river. This could lead to reduction in river

discharge which can adversely affect the requirements of the

International Joint Commission's (IJC's) Lake Ontario regulation
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scheme, and consequently reduce power generation at the

Moses-Saunders Station and downstream at Beauharnois. Additionally,

should reductions of river discharge occur, Lake Ontafio levels would

rise.,

If winter navigation is to be extended, through all or part of*

the winter in th.. upper river, a number of problem areas require

solutions.

The seaway capacity is strongly influenced by ship lockage time

and the problems caused by ice and winter operation. Lock problems,

pertaining to the two U.S. locks (Eisenhower and Snel.i) and

applicable to the five Canadian locks, are grouped in the following

five categories:

1. Ice adhering to lock walls prevents ships from enteriug or

makes -entrance more- difficult.

2. Upper or lower lock gates cannot open fully because of ice

accumulation in mitre gate recesses, edges, and contact blocks.

3. Ice pushed into locks by a ship preventing the ship from

entering the lock.

4. Failure of lock equipment which requires repair before lock

operations continue.

5. Increased maintenance needs with less time available for

accomplishing the maintenance.

These problems are similar to those experienced at the Soo Locks.

Currently, the power entities on the St. Lawrence River annually

install ice booms spanning various portions of the river to insure a
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stable ice cover above the power plants after the last ships'leave

the system in early winter.

The ice booms between Prescott, Ontario, and Ogdensburg, -New

York and between Galop Island and the U.S.-Canadian mainland traverse

the navigation channel and would impede wfntef navigation.

There is also concern that winter navigation could disrupt the

natural ice cover of the river, particularly in the reach between

Galop and Ogden Islands. This area is relatively sv.ft fl6wing and

has a high risk potential for ice jams.

Problems have been encountered under natural conditions-with

cooling water intakes at the Reynolds Aluminum plant along the St.

Lawrence River.

The formation of ice jams might have a significant effect on

ship movement An the river. That is, once the jams form, ships can

get stuck and cause the subreach in which they form to become the

constraining reach in the system. Ice jams form very quickly, and

withi a matter of a day or two the ice thickness can become so great

that ships can not navigate the reach in which they occur. In order

to allow navigation to proceed in these critical reaches, various ice

control, measures are considered necessary.

Struct,,al components of ice booms are primarily floating timber

sections connected to each other by heavy steel cable and/or lengths

of chain. A problem exists with the present booms since they extend

shore to shore and do not allow the passage of ships or withstand the

additional forces which might be transmitted to the boom by downbound

ships.
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Another major Impediment to ships transiting the 'Seaway is the

increased growth of ice in the navigation channel in -certain- sub-

reaches. This phenomenon bccurs as a result-of ships breiking the

insulating layer of ice and exposing water to freezing teimperatures

after each passage. The water hear the surface freezes rfipidly and

adds to the accumulation of ice already in 'the ship channel. It was

found that the ice d6uld accumulate to such proportions that ships

would be severely slowed and even halted unless means were provided

to remove some of this ice from the ship channel.

Each year, the 'floating, lighted conventional aids to navigation

are removed prior to freeze-up to prevent their being damaged, moved,

or sunk by moving ice. As a result, navigation is limited to

daylight hours only and the ystem capacity decreases to about 1/3 of

a normal 24-hour day. A need exists for additional permanefit aids to

navigation to be constructed in shallow water or on shore. There is

also a need for floating buoys that remain functional in ice

conditions and/or an all-weather electronic navigation system.

Investigation into the shoreline character of the U.S. portion

of the St. Lawrence River revealed that approximately 29 miles of

that shoreline has the potential to be affected by winter navigation.

The areas of high potential are distributed from Clayton to the

all-Canadian portion of the river. The remaining shoreline area is

fairly evenly distributed between medium potential effect and low

potential effect.

Existing soil types, shoreline slope, and the presence or

absence of vegetative cover in the reach identified above contribute

to varying degrees of erosion now occurring. Future studies, using

baseline data already developed will permit evaluation of season

extension activities and their effect, if any, on shoreline changes

now occurring. The magnitude of shoreline changes, if any, resulting

from season extension efforts would be determined by comparison with

naturally occurring erosion processes.
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It -is unlikely, due to the nature of the owneiship of the

shbrelind downstream~of Iroquois Dam,, that additional erosion will

have impacts, n large numbers of shore structures. This is based

upon the fact that the Power Authorit:y of the State of New York

(PASNY) owns the majority of the, shoreland from the Moses-Saunders

Power Dam upstream to the vicinity of trie Ogdensburg bridge. In

addition, PASNY's current policy prchibits year-round structures from

being placed in the water along the lands that it leases. Few

permanent or seasonal residences are near enough to the river to be

in dAnger of erosion impacting them.

The details of the nature and e-ttent of any protection measures

required would be determined during the course of future

investigations that would identify specific locations, if any,

undergoing accelerated shoreline changes as a result of winter

navigation.

With the identification of over three hundred shore structures

upstream of Iroquois Dam that have the potential to be affected by

extension of the navigation season, the development of a program to

identify and evaluate alternative methods of reducing or eliminating

these impacts appears necessary. Included in this program would be

an evaluation of remedial engineering techniques that could be

applied to existing structures; determination of the minimum

construction standards that would be required of new construction in

order that the impacts would be withstood; development of an

acceptable liability program to handle any damage that may occur; and

development of a program to disseminate this 4- irmation.

With the consideration for year-round navigation on the entire

Great Lakes and St. Lawrence Seaway, there is a potential problem

with year-round island residents in the St. Lawrence River who

reside, on a year-round basis, on islands where the navigation
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IL) channel is between them, and. the mainland. During the winter season,

these residents, who historically.have used the solid ice cover as a

means of transit 'between- the mainland, may encounter an open

water/broken ice filled vessel track whic could impede traditional

transportation-'methods. Two islands have been identified as

accommodating year-round residents,. Both are situated within the

Thousand'Islands area of the St. Lawrence River, namely: Wellesley

and Grindstone Islands (See Figure 13). A winter navigationvessel

track would have no effect on the year-round residents of Wellesley

Island, because a bridge connects the Island with the mainland. For

Grindstone Island, a problem would be created which would require the

provision of an alternative means of transportation.

A problem exists at the entrance to the St. Lawrence River at

Cape Vincent, New York, where commercial vessels pick up and drop off

pilots that assist the ships in navigating the St. Lawrence System.

Normally, two small boats ferry the pilots from the dock at Cape

Vincent to the passing vessels and back again. The existing boats

are totally inadequate for use during full winter ice conditions and

cannot transit through heavy sheet ice or ice floes. If this service

is to continue into the ice season, an alternate means of

transporting the pilots would be required.

With regard to winter recreation along the St. Lawrence River, a

study on ice fishing at four sites near navigation channels on the

River was conducted during the winter of 1975-76. These sites were

Cape Vincent, Wellesley Island, Chippewa Bay, and Coles Creek. The

major conclusions of the study were that: (1) the weakening of the

ice cover from icebreaking would not affect embayments where most ice

fishing takes place; (2) ice fishing was a major form of recreation

for a small number of people living nearby; and (3) ice fishing at

these sites near the navigational channel did not constitute a major

economic stimulant to the area. This last conclusion was tentative

in that the winter during which the study was conducted was

unseasonably mild.
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Vessel traffic control in the St. Lawrence River for prevention

of collision, rammings, or gr-oudilngs is provided by -the:.$t... Lawrence

Seaway Development Corporation/Sg1, awrence Seaway Authority

(SLSDC/SLSA) between Montreal and Long Point in Lake Erie. The

existing Vessel Traffic Service is only used when the -Welland Canal

or St. Lawrence River is open to navigation. This Service, which

includes vessel movement reporting and closed-circiit -television

surveillance of selected locks and lock approaches, would be adequate

for winter navigation as well.

Associated Problems

The most important legal problems involve determination of

liability for adverse impacts on riparian property owners and power

interests arising from an extension of winter navigation season on

the Great Lakes and St. Lawrence System (see Appendix J - Legal

Considerations).

The most important areas for potential damage arising from the

extended navigation season are: (a) shoreline structural damage; (b)

shoreline erosion; (c) adverse impacts on power generation; and (d)

adverse environmental and social impacts.

It should be noted that shore erosion and shore structure

damages occur under existing conditions from natural ice, wave, and

wind forces. Extension of the navigation season to 31 January may

contribute to those damages. Structural damage that occurs below the

ordinary high watermark is subject -- unless changed by law -- to

navigational servitude. Thus, the Federal Government would not be

liable for damages below the ordinary high watermark, if any, caused

by winter navigation. The ordinary high watermark on the Great Lakes
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is generally defined as four feet above the published low water datum

on all of the Great Lakes, except that it is two feet above on Lake

Superior and the Upper St. Marys River. Studies have been coppleted

under the survey investigation of season extension to identify any

such damages and develop plans for protection m~asures.

Currently, riparian interests cannot recover for damage to their

property caused by vessels engaged in navigation unless there is a

showing of willful misconduct or negligence. There is no known

authority suggesting that damage caused by navigation during winter

is to be treated any differently than damage caused by navigation in

general. Therefore, although riparian interests might suffer

increased shoreline erosion and shore structure damage as a result of

the extension of the winter navigation season, the existing legal

remedies for such damage are limited and are described in Appendix

J-Legal Considerations.

Another immediate problem associated with an extension of the

winter navigation season in the International Section of the St.

Lawrence River involves concern for the potential liabilities and

rights of the power entities. Although such concern extends to

Ontario-Hydro of Canada (and to a lesser degree to Quebec-Hydro),

this specifically addresses the problems posed by the Power Authority

of the State of New York (PASNY).

PASNY contends there may be possible losses in power generating

ability from interference with the normal ice cover by winter

navigation. Based on the commerce clause of the United States

Constitution, Congress has a paramount right to regulate commerce and

promote navigation. A problem that concerns PASNY is its obligation

under the 1952 Order of Approval to give suitable protection and
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indemnity to all interests injured by operation of the power works,

which include the existing ice booms. In the face of a program

authorized by Congress pursuant to its power to regulate commerce,

PASNY stated it has legal remedies for losses incident to

improvements for navigation, under terms of its Federal Power

Commission license and the Internati6nal Joint Commission Order of

Approval which was approved by the governments of Canada and the

United States.

A stable ice cover has been essential to maintain adequate flows

to discharge water for the regulation of the level of Lake Ontario

pursuant to the 1952 Order of Approval of the International Joint

Commission, as well as for power generation in the St. Lawrence

River. This stability has been attained to date by the use of ice

booms across the entire width of the river, which are installed and

operated by the power entities. As now constructed and operated,

these ice booms prevent winter navigation in the International

Section of the river.

A unique concern is one that directs attention to localized

weather problems brought about by the installation of ice control

structures. It has been suggested that areas of open water

previously covered by ice could cause fog or cause other weather

disturbances. It is also possible that a more fractured ice cover

could increase the danger of gale force winds dislodgihag large sheets

of ice, causing damage to anchored or transiting ships, and to

shorelines. These are problems which should be considered in each

area where new control structures are contemplated.

Another problem that should be considered for ocean vessels

entering the system is providing pilots that are familiar with the

Great Lakes-St. Lawrence River system under both ice and open water

conditions.
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( The suki.ey and dredging of shoaling, in channels and harbors

during the winter, season should. it have to be done -- will present

additional problems. For instance,- .hrbGr entrances on the eastern

shores of Lake Michigan have experienced shoaling during the winter

months due tb winter-storm wave activity. Automated survey- equipment

would have to be installed on larger or~modified vessels capable of

working in heavy ice. Distance measuring equipment would require

heated or insulated shelters. Disposal of dredged material would

bec6me difficult if allowed to freeze into a solid mass. Pumping

dredged material into, confined disposal areas through long pipelines

would be difficult in extremely cold temperatures. Survey crews

would require special training, clothes, and safety equipment to

operate safely and effectively under exposure to severe winter

weather.

The Treaty of 1909 between Canada and the United States created

the International Joint Commission (IJC) with jurisdiction-over all

matters related to the use or obstruction or diversion of waters of

the Great Lakes which would affect the use of these boundary wdters

by the other nation. This extended navigation season survey study

has identified some potential impacts. Thus, it appears it would be

necessary to either obtain IJC approval to fully implement an

extended navigation program or, alternatively, obtain a separate

agreement between the two countries.

In dealing with environmental concerns, it was recognized during

the early stages of studying the feasibility of extended winter

navigation that it would not be possible to prepare an Environmental

Impact Statement for the Survey Report that would identify all

specific impacts because of the insufficient environmental data and

detailed engineering desigit information, To resolve this problem,

predictive environmental assessment would be prepared and baseline

and monitoring studies conducted during advanced engineering and

design and construction activities.
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There is an extensive data base on certain portions of the Great

Lakes environents, but meager information exists on; ecological

conditions during winter or on the expected impacts of the Extended

Season Program. Substantive environmental data have not been

gathered on similar navigation programs in the6United States or other

countries. Implementatioi of the Environmental Plan of Action (EPOA)

would provide the necessary information.

The EPOA is the primary tool of the Adaptive Method which would

minimize, mitigate or eliminate environmental damage from extending

the winter navigation saason on the Great Lakes System and, where

possible, enhance environmental quality.

The studies contained within the EPOA are grouped into two

types: site-specific and system-wide. Site-specific studies would

investigate those impacts that influence a harbor or river. On the

other hand, system-wide studies address more far-reaching effects on

a lake, Connecting Channel, or the entire Great Ukes system.

Because of the amount of data necessary to defect cumulative effects,

these studies would be more complex and would require more time than

site-specific studies.

Detailed environmental impact assessments would be made during

the early stages of preparing the Phase I General Design Memorandum

(0DM). Detailed Environmental Impact Statements (EIS), incorporating

the assessments information, would be prepared to accompany each

Phase I GDM.

This means that extensive information must be available to

prepare an adequate impact assessment early in Phase I. Additional

assessments would be made throughout all stages of preparing the

Phase I and II GDM's. Should the assessments indicate a need,

additional Environmental Impact Statements would be prepared to

A-128



-::7

accompany, the Phase II GDM., During the qontruc.tionr, and4 o e'rat$o.nal

periods, data would be.qqlected to monitor effects. Finally, the

( total effect would be evaluated and a vaifdti6 rt wrft&n. If-

unacceptable envitonmental impaqts; are identified before final impaeq

evaluation, modifihations, would be i i e nted and te impqct

assessment procedure modifiedo acqordingly. I mdy.requqire XO-15

yearsfrom initial planning of an- activity to final, evaluation.

PUBLIC INPUTS

The expressed views, desires, and concerns of the public;

including Federal, state, and local governments, are included in the

Public Views and Responses on the Report and Environmental Impact

Statement Appendix of this report (Appendix C). Specifically, the

inputs received at public workshops and meetings are summarized in

digests of the workshops and meetings. Copies of statements by

Governors and State Officials at the public workshop1 and meetings

are also included with the digests. Copies of letters received from

the public and Federal, state, and local governments on both the

Survey Study and Demonstration Program are also included as a part of

Appendix C.

PROBLEM SUMMARY

The information which follows in Table 7 identifies, in tabular

form, the engineering problems and needs associated with the proposed
extension of the navigation season, as discussed in this Appendix.

Appendix B, Plan Formulation, details alternative solutions to these

problems and recommends preferred courses of action for improving

operations in the navigation system.

Social im acts possibly resulting from navigation season

extension are discussed in Appendix. H, while environmental impacts

are treated in detail within Appendix F and in the Environmental

Impact Statement.
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ENGINEERING PROBLEMS

General Problem Area Specific ProbeiIde ified

A., Lake Superior

I'. Oren take '. Vessel movement through ice rafting
and windrows

b. Ice and weather information
operations for shippers

c. Aids to navigation

d. Vessel-crew safety/stikvival and
search-and rescue.

e. Prevent spills of oil and other

hazardous substances

f. Water quality

II. Harbors a. Vessel movement through shifting
ice at entrances

b. Ice conditions within harbors

c. Lack of all-weather aids to

navigation

d. Mooring facilities for icebreakers

III. Whitefish Bay a. Vessel movement thru shifting ice
conditions

b. Ice and Weather Information

for Shippers

c. Lack of all-weather aids to
navigation

B. St. Marys River

I. St. Marys Falls a. Removing ice collar on lock walls

Canal (Soo Locka)
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TABLE (d6nt.),

t ENGINEERIG PRBEMS

1. St aMiyn Falls kb. *04 R nv*h": i e 666it, 6f 166k,

P ' ii gite

d'. WeiAr and tear on 1,66i hm f]e

e. War and teai~ 6n Lfi ing plant

f. Revision of uiairnne

9 . Sakfet boom 6h6itidt

h. brin on wiJs anid 66lvert

i.Bottom scouring in we~t aprodAh
channfel

J. Rembvift ike fi&w updtreid f lod

A 6entranice

k. Removing ice from downstr~am lock
entranie.

1. Ice formation on lock gates

m. Lock wall fender dan~age

n. Passage of 105' x 1000' vessels

IT. Island 466eds a. Sugar Island

b. NeebishI616ind

c. Lime Island

d. Drummond& IlAn8
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TABLE 7 (Cont.)

ENGINEERING PROBLEMS

,General Problem Area Specific Problem Identified

III. Potential Ice a. Lit"le:.Rd1 s.PCut.....
Jams & Flooding

b. West N

IV. Vessel Movement a. Tight Turns: Whitefish Bay
(Birch Point Turn)
Middle Neebish Channel
Angle Course 5 & 6
Angle Course 6 & 7
Angle Course 7 & 8
Angle Course 8 & 9
Lime Island Turn

b. Balance of St. Marys River System

V. Shoreline Areas a. Shoreline Erosion
near Navigation
Channels b. Dock Damage

VI. Pilot Access DeTour

VII. Power Generation a. Frazil ice entering Soo Edison
Power Plant

b. Potential flood damage to Edison
Sault power facility

VIII. Other St. Marys a. Lack of all-weather aids to
River Problems navigati6n'
in General

b. Oil Spills

C. Lake Michigan

I. Open Lake a. Vessel Movement through ice rafting
and windrows

b. Ice and weather information
for shippers
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TABLE 7 (Cont.)

fij ENGINEERING PROBLEMS

General Problem Area Specific Problem Identified

I. Open Lake (Cont.) c. Aids to navigation

d. Vessel-crew safety/survival and
search and rescue

e. Prevent spills of oil and other

hazardous substances

f. Water quality

II. Harbors a. Vessel movement thru shifting ice
at entrance

b. Ice conditions within harbors

c. Lack of all-weather aids to

navigation

d. Mooring facilities for icebreakers

III. Green Bay and a. Vessel movement through ice rafting
Grand Traverse Bay and windrows

b. Ice & weather information
for shippers

c. Lack of all-weather aids to
navigation

D. Lake Huron

I. Open Lake a. Vessel movement through ice rafting

and windrows

b. Ice & weather information
for shippers

c. Aids to navigation

d. Vessel-crew safety/survival and

search and rescue
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TABLE 7 (ContO)

ENGINEERING PROBLE__ _ _

General Problem Area Specific Problem Identified

I. Open Lake e. Prevent spills of oil and other
(Cont.) hazardous substances

f. Water quality

II. Harbors a. Vessel movemcrt through shifting

ice at entrance

b. Ice conditionu within harbors

c. Lack of all-weather aids to
navigation

d. Mooring facilities for icebreakers

III. Saginaw Bay a. Vessel movement through ice
rafting and windrows

b. Lack of all-weather aids to
navigation

E. St. Clair-Detroit River
System

I. Potential Ice Jams Broken Lake Huron ice filling St.
and Flooding Clair River

II. Shorelines Shore erosion and dock damage

III. Ferry Crossings Harsens Island, Algonac/
Walpole Is. Roberts Landing/Port
Lambton, Marine City/Sombra

IV. Pilot Access Detroit
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TABLE 7 (Cont-)

ENGINEERING PROBLEMS

General Problem Area Specific Problem Identified

V. Other Problems in a. Lack of all-weather aids to

General navigation

b. Oil Spills

c. Maintain-natural ice retardation
effects

F. Lake Erie

I. Open Lake a. Vessel movement through ice
rafting and windrows

b. Ice and weather information
for shippers

c. Aids to navigation

d. Vessel-crew safety/survival and

search and rescue

e. Prevent spills of oil and other
hazardous substances

f. Water quality

II. Harbors a. Vessel movement through shifting
ice at entrances

b. Ice conditions within harbors

c. Lack of all-weather aids to
navigation

d. Mooring facilities for icebreakers

III. Pelee Passage Vessel movement through shifting
ice conditions
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TABLE 7 (Cont.)

ENGINEERIG PROBLEMS

General Problem Area S ecific Problem Identified

Buf falo tarbor &Vessel movement through shifting
Entrance to Welland ice, windrowing and rafting ice

G. Welland Canal

I. U.S.- Canadian Provision of improvement necessary
Coordination for year-round navigation

11. Winter Operations a. Removing ice collar on lock walls

b. Removing ice out of lock

c. Ice in gate recesses

d. Wear and tear on lock mechanical &
structural equipment

e. Wear and tear on floating plant

f. Revision of maintenance program

g. Safety boom operation

h. Abrasion on walls and culverts

i. Bottom scouring in west approach
channel

J. Removing ice from upstream lock
entrance

k. Removing ice from downstream lock
entrance

1. Ice formation on lock gates

m. Lock wall fender damage
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TABLE 7 (Cont.)

ENGINEERING PROBLEMS

T_

General Problem Area Specific Problem IdentifiedI
H. lake Ontario

I. Open Waters a. Vessel movement through ice rafting
and windrows

b. Ice and weather information
for shippers

c. Aids to navigation

d. Vessel-crew safety/survival and
search and rescue

e. Prevent spills of oil and other
hazardous substances

f. Water quality

II. Harbors a. Vessel movement through shifting

icu! at entrance

b. Ice conditions within harbors

c. Lack of all-weather aids to
navigation

d. Mooring facilities for icebreakers

I. St. Lawrence River

I. St. Lawrence River Provide winter operation
U.S. Navigation capabilities
Locks
(Eisenhower & Snell) a. Ice removal from mitre gates and

operating equipment

b. Unobstructed operation of mitre
gates

c. Prevent lock wall icing
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TABLE 7 (Cont.)

ENGINEERING PROBLEJMS

General Problem Area Specific Problem Identified
I¢

I. St. Lawrence River* d. Prevent floating ice. from entering
U.S. Navigation Locks- locks
(Eisenhower & Snell)
(Cont.) e. Removal of floating ice from locks

II. St. Lawrence River/ Provide winter operation
Canadian Locks capabilities
(St. Lambert, St.
Catherine, a. Ice removal from mitre gates and
Beauharnois, operating equipment
Melocheville,
Iroquois) b. Unobstructed operation of mitre

gates

c. Prevent lock wall icing

d. Prevent floating ice from entering

locks

e. Removal of floating ice from locks

III. Maintain* stable a. Ogdensburg-Prescott Area
ice cover &
prescribed levels b. Galop Island Area
and flows in
critical channel c. Ogden Island Area
reaches. Transiting
ice booms. d. St. Regis Island

e. Beauharnois Canal

IV. Other St. Lawrence a. Lack of all-weather aids to
River Problems navigation
in General

b. Icebreaking

c. Channel Clearing

*Canadiau co-participation required
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TABLE 7 (Cont.)

ENGINEERING PROBLEMS

General Problem Area Specific Problem Identified

IV. Other St. Lawrence d. Provide ice and weather information
River Problems in to shippers
General (Cont.)

e. Shore erosion and structure damage

V. Island access Thousand Islands area-Grindstone

transportation Island

VI. Pilot Access Cape Vincent

Information presented in Appendix A has provided a description of

the base condition of the Great Lakes and St. Lawrence Seaway

navigation system, and identified problems associated with navigation

season extension on the system. In Appendix B, Plan Formulation,

recommended solutions to these problems are spelled out and cost

tables presented. Social and environmental impacts which may result

from the implementation of a navigation season extension program are

detailed in Appendixes H and F, and the Environman::al Impact

Statement.
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_' APPENDIX B-

FORMULATION OF DETAILEDPLANS

INTRODUCTION

The Great Lakes and St. Lawrence Seaway Navigation Season Extension

Study, as authorized by Congress in its three distinct sections, is

explicitly limited in scope of investigation to matters (specifically

defined as) related to winter navigation. The scope of study includes

investigating the feasibility of means of extending the navigation season

on the entire system, into the winter months, beyond the usual 8-1/2 month

season to as much as year-round; and to determine the desirability and

extent of federal participation. The authorizing language leaves no

latitude for investigation of other system improvements to increase the

capacity or the productivity of the Great Lakes and St. Lawrence Seaway

Navigation System. Congressional direction and funding subsequent to the

authorization provided further continuing guidance as to the specific

nature of this investigation. The eight-year Demonstration Program, which

forms the primary data base for means and methods of controlling and

managing ice and for determination of practicability of vessel operations

in ice, has been carried out under this directed scope. This feasibility

report is similarly directed. It should be noted at the outset that

relevant system matters such as lock capacity, channel dimensions, impacts

on levels and flows, and other navigational matters and features will be

explored as to their relevance to winter navigation. However, none of

these is a purpose of the investigation as defined in the scope. Further,

the scope of this study involves U.S. harbors, shorelines, the five Great

Lakes and connecting channels, and the international section of the St.

Lawrence River. The study includes known Canadian plans for winter

navigation projects or programs that would affect U.S. proposals. It is

not within the scope of this study to include a Canadian plan of

improvement to determine Canadian feasibility of winter navigation, nor to

estimate Canadian benefits or Canadian costs. This is a matter for the

Canadian Government, it will be entirely a Canadian prerogative.
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Formulating a plan for the extension of the navigation season is a

-single purpose -planning process hich develops and evaluates the

feasibility of alternative plans for extending the navigation season on the

Great Lakes/St. Lawrence Seaway. Alternatives to the study are screened

out and a number of feasible plans are designated for further

consideration. A number of other potential modifications to the navigation

system are under long-range consideration under investigation authorities

separate from the authority for the extended navigation season

investigation. These include need for a new large lock at the St. Marys

Falls Canal in Michigan, need for additional locks in the St. Lawrence

Seaway, and channel and harbor modifications including potential deepening

of the Great Lakes system. Such considerations are separate and distinct

from the consideration of season extension. They are not alternatives to

season extension. The formulation process for selecting viable

alternatives recognizes, fully, that an increase in prospective traffic is

constrained by the existing system. Most season extision plans are

separable modifications to the system, wholly independent in both costs and

benefits.

Analysis indicates that season extension should proceed first as the

least net intensive relative to the other possible modifications as

discussed above. While the primary intent of the investigation is not to

provide additional system capacity, the effect of each season extension

development plan is to increase capacity as well as productivity of the

existing system.

PLANNING CONSTRAINTS

Planning constraints are based upon identified area resource management

problems and specify limitations to direct plan formulation and restrict

impacts. The constraijitm used in the formulation analysis are as follows:
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a. Avoid or minimize damage to shorelines, structures and wetlands

from vessel induced increased ice pressure or ice movement.

b. Avoid adverse effects to power plants by promoting a sta!e ice

cover and the required river discharge.

c. Avoid adverse effects to low-lying communities from project-induced

hanging dam and ice-jam flooding.

d. Avuid adverse impact to the overall water quality of the Great

Lakes.

e. Avoid irreversible commitments of the environment prior to

determining the ramifications of the proposed actions.

PLANNING OBJECTIVES

A sec of planning objectives was formulated based upon the water and

related resource management problems, needs and opportunities identified

for the Great Lakes and St. Lawrence Seaway region. In addition to

addressing the region's problems, the objectives listed below contribute to

the national goals of national economic development (NED) and environmental

quality (EQ). The following planning objectives served as general

guidelines for the plan formulation process:

a. Promote efficient utilization of the navigation intrastructure of

the Great Lakes/St. Lawrence Seaway system;

b. Contribute to an increase in output of goods, services and external

economics of the Great Lakes/St. Lawrence Seaway system;
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c. Contribute to the maintenance of the required water levels of the

Great Lakes and discharge of the St. Lawrence River;

d. Maintain Great Lakes island settlements as viable social

communities; and

e. Contribute to the quality of the Great Lakes/St. Lawrence Seaway

environment, giving particular attention to the winter ecosystem and water

quality of the lakes.

FORMULATION AND EVALUATION CRITERIA

The formulation and evaluation of alternatives is done considering

technical, economical, environmental, social, and institutional criteria to

allow the developmen, comparison, and selection of plans that best respond

to the problems and needs.

Technical Criteria Used Are:

a. Improvements should be adequate to accommodate expected user

vessels for the economic life of the project which is amortized over a

50-year period;

b. Improvements should provide for optimum utilization of existing

facilities;

c. Alternatives should ailow for safe, efficient movement of

expected user vessels;

d. Improvements should be sound, practicable, engineeringly

feasible, and environmentally acceptable;
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Q) e. Technical solutions with the least adverse environmental

impacts should be used; and,

f. If necessary, corrective and/or mitigative measures should be

made. part of the engineering solutions.

Economic Criteria Used Are:

a. Project dollar benefits should exceed project dollar costs;

Vi b. Separable units of improvement should provide dollar benefits

at least equal to its dollar cost;

c. The scope of the development should be such as to provide

--certainly identify--the maximum net benefits;

d. Annual costs including operation and maintenance should be

based upon a 50-year economic life and an interest rate of 7-1/8 percent;

e. There should be no more economically or environmentally

acceptable means of accomplishing the same purpose or purposes that would

be precluded from development if the plan were undertaken; and,

f. Projected project disbenefits, and environmental and social

costs must be included and if possible, quantified.

Environmental Criteria Used Are:

a. Provide for management, protection, or enhancement of

ecological systems;

b. Provide for management, preservation, or enhancement of

specially valuable or outstanding archaeological, historical, biological,

or geological resources;
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c. Provide for enhancement of quality aspects of water, land, and

air by control of pollution or prevention of erosion and restoration of

already eroded areas caused by winter navigation;

d. Provide for management, protection, or enhancement of aesthetdc

areas; and,

e. Provide for avoidance of unnecessary irreversible commitment of

resources to future use.

Social Criteria Use Are:

a. Avoid unnecessary and/or unreasonable risk of loss of life and

hazard to health and safety;

b. Preserve or enhance social, cultural, educational, and

historical values;

c. Avoid disruption of man-made or natural resources, aesthetic

values, community cohesion, and public facilities and services;

d. Consider human environmental benefits and costs equal in status

to monetary units;

e. Identify possible employment effects and changes to tax and

property values;

f. Coordinate alternatives with local, regional and state

interests; and,

g. Evaluate public acceptance of proposed modifications and

ability and willingness to meet local requirements.
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Institutional Criteria Used Are:

a. Institutional requirements imposed by alternative plans must be

an integral part of the project plan formulation process;

b. Coordination should be carried out with existing Federal,

state, and local institutions that are operating in or have an interest in

the study area;

c. Areas of responsibility of Federal, state, and local

institutions should be defined; and,

d. Improvements proposed should be institutionally implementable.

PLAN DEVELOPMENT

Congress has requested that the Corps of Engineers investigate the

feasibility of ways and means of extending the navigation season on the

Great Lakes-St. Lawrence Seaway System and to determine the degree of

Federal participation, if any. The first step in the planning process is

problem identification, where information is obtained from the public and

agencies about the needs (opportunities and problems) which the study could

address. From these needs are derived a set of planning objectives for the

study. To help insure that the best overall plan is developed, a range of

alternative plans are developed to address the planning objectives and then

evaluated. As part of the plan development process, a plan to optimize

National Economic Development (NED) and maximize net economic benefits, and

at least one plan to maximize Environmental Quality (EQ) contributions,

need to be developed.

In March 1976 an Interim Feasibility Report was prepared-House Document

No. 96-181. Three alternative plans were developed, analyzed, and

evaluated addressing the feasibility of extended season navigation on the
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entire Great Lakes-St. Lawrence Seaway System. These were Traditional

Navigation Season, Fixed Navigation Season, and Extended Navigation Season.

This analysis is presented in Attachment 1 to this Appendix. Based on the

analysis and evaluation of the three alternative plans, the Selected Plan

in the 1976 Interim Report is Extended Navigation Season and S lso

designated as the National Economic Development (NED) plan. For the

Interim Feasibility Report a fixed Navigation Season was designated as the

Environmental Quality (EQ) plan.

Under the Selected Plan, three alternative proposals for extendingthe

navigation season beyond 15 December on the entire system were developed

and analyzed - extension to 31 January, 28 February, and 31 March

(year-round). Based on economic, environmental, soLial and engineering

information and data as of March 1976 and actual experience (i.e.,

commercial vessel movement) during the five years of the Demonstration

Program between 1971 and 1976, extension of the navigation season on only

the upper four Great Lakes to 31 January (+ 2 weeks) using basically

existing operational measures, with little or no new construction, was

recommended in the Interim Feasibility Report. This report was transmitted

to Congress on 3 August 1979.

Since 1976, additional economic, environmental, social and engineering

data collection and analysis have taen conducted to further evaluate the

viability and continued progressive development of the Selected Plan.

These are discussed in the following paragraphs. In addition, results of

the engineering studies showing problems and corresponding solutions

together with summariea of other on-going and prior studies related to this

survey report are displayed in Attachment 2 to this Appendix.

As part of further plan development of the Selected Plan, six proposals

(or schemes for further consideration) have been developed (see Table B-i)
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in addition to the Base Condition Plan addressing extending the navigation

season, on both a geographic and time extension basis, to 12 months on the

upper four Great Lakes and 11-month navigation on the Welland Canal-Lake

Ontario-St. Lawrence River International portion of the system. Year-round

navigation on the upper four Great Lakes is made possible by having at

least two locks (Poe and MacArthur Locks) available for operation at Sault

Ste. Marie. Maintenance at the locks would be phased to enable continuous

operation of vessels through the lock facilities. The important point is

that when the Poe Lock is down for maintenance --currently scheduled for

every 5 years--the 105 foot beam vessels would not be able to transit the

lock facilities; however, operation of the 767 foot by 76 foot vessels

could continue. A phased maintenance program would be designed to minimize

the down time of the Poe Lock.

On the St. Lawrence Seaway portion of the system, up to an 11-month

navigation season is-maximum considered possible at this time. There are

adjacent locks at only three of the fifteen lock facilities on the Welland

Canal and St. Lawrence River; therefore, at this time, at least one month

of down time for maintenance is contemplated to be done during the winter

months. The St. Lawrence Seaway Development Corporation of the United

States and the St. Lawrence Seaway Authority of Canada are currently

investigating the possibilities of phasing their lock maintenance programs

on the Welland Canal and the St. Lawrence River over the entire year,

rather than performing maintenance all at once during the winter, which is

the current mode of operation. If the U.S. and Canadian Governments are

able to develop such a lock maintenance program, year-round season

extension on the entire Great Lakes-St. Lawrence Seaway System could be

feasible without lock twinning. However, for purposes of this analysis, it

is assumed that season extension beyond 11 months on the St. Lawrence River

would definitely require twinning of the Welland and St. Lawrence River
Locks I.o permit lock maintenance. Therefore, year-round season extension

is currently limited to the upper four Great Lakes only. Phasing of the

lock maintenance program at the Soo Locks at Sault Ste. Marie, Michigan, to

B-9
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TABLE B-i

SEASON EXTENSION PROPOSALSL. C

Estimated Lake Superior St. Clair River Weiland Canal

Starting St. Marys River Lake St. Clair Lake Ontario

Extended Date of Lake Michigan Detroit River St. Lawrerce

Season Vessel Straits of Mackinac Lake Erie River

Proposals Operations Lake Huron

Base Prior to 1 Apr - 31 Jan 1 Apr - 31 Jan 1 Apr 15 Dec

Condition 1987

1 1987 Year-round 1 Apr - 31 Jan I Apr -15 Dec

2 1990 Year-round 1 Apr - 31 Jan 1 Apr - 31 Dec

3 1990 Year-round Year-round 1 Apr - 31 Dec

4 1992 Year-round Year-round 20 Mar - 31 Dec

5 1995 Year-round Year-round 7 Mar - 7 Jan

6 2000 Year-round Year-round 7 Feb - 7 Jan

NOTE: The Chief of Engineers' recommendation on the March 1976 Interim
Feasibility Report recommends an extended season program on the
upper four Great Lakes to 31 January (+ 2 weeks). This is the Base
Condition shown above.

._/ The word "proposal" identifies sub-divisions of an overall plan. These
proposals have not been developed as exclusive alternatives.
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permit, year-round, navigation on.the upper four Great Lakes is considered

feasible to make year-round operation possible.

In addition to the development of the six proposals (schemes or

possibilities), further consideration is given to the definition of the

National Economic Development (NED) plan and the Environmental Quality (EQ)

plan, consistent with the U.S. Army Corps of Engineers Policies and

Procedures.

NED Plan

The NED Plan addresses the planning objectives of the study in a way to' maximize net economic benefits. This plan consists of both non-structural

and structural improvements to permit a permanent extension of the

navigation season to 12 months on the upper four Great Lakes and up to 11Imonths on the U.S. portion of the Wellud Canal-Lake Ontario-St. Lawrence
River reach of the system. Since 1976, additional analysis has been given[ fto improvements to enhance the efficiency of operation of a permanent

system-wide extended navigation season program, and the net economic

benefits that could be realized, are maximized with this plan as compared

to the other alternatives. It is important to note that this plan provides

for compensation and mitigation, such as island transportation assistance

and shoreline protection, for those environmental/social impacts which have

been positively identified from actual operations, during the Demonstration

Program and further detailed analyses accomplished since the 1976 Interim

Feasibility Report.

EQ (Oriented) Plan

The Environmental Quality (EQ) Plan is that alternative which addresses

the planning objectives in such a manner as to make net positive benefits

to the EQ account. This requires analyzing the overall environmental

contributions of each alternative in comparison with the most probable

(
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future conditions without a project. If it is impossible to designate an

EQ (Oriented) Plan that meets these requirements,.--the alternative least

damaging to the environment will be identified.

4 The EQ Plan for the Great Lakes and St. Lawrence Seaway navigation

season extension consists of four basic components: (1) a permanent

extension of the-navigation season up to 12 months on the upper four Great

Lakes, instituted through a phased implementation procedure; (2) an

extension up to 11 months on Lake Ontario and the International Section of

the St. Lawrence River instituted through a phased implementation

procedure; (3) the accomplishment of a system inventory and evaluation of

the environmental impacts induced by extended season navigation; and (4)

monitoring of certain environmental parameters during winter operation.

The extension of the navigation season for the two geographic

components would be physically promoted by both structural (icebreakers,

bubblers) and non-structural (vessel speed control) measures. The bulk of

the justification of the EQ (Oriented) Plan lies in the environmental

considerations commensurate with navigation measures and the benefits

yielded: (1) phasing implementation over time and space to allow,

environmental investigations and prevent irreversible commitment of the

environment prior to ascertaining ramifications; (2) increasing the

environmental knowledge by means of a system inventory; (3) assessing

impacts from a more comprehensive environmental base; (4) monitoring

environmental parameters during winter operation; (5) promoting better

management of the ecosystem by increasing knowledge of it; and (6)

modifying the operation of the project in response to an adverse impact.

This plan provides for an "ADAPTIVE METHOD" for determining the

environmental feasibility and taking action to address potential impacts of

an extended navigacion season program, to be accomplished concurrently with

the continued planning, design, and implementation of an authorized

program. The approach consists of implementing an Environmental Plan of

B-12



Action for environmental base condition data collection, evaluation and

assessment, monitoring, and validation--including environmental

compensation, mitigation and possibly enhancement--to be done concurrently

with the continued planning, advanced engineering and design, construction,

and operation phases of the program to ensure environmental compatibility.

The plan of action, to be implemented in conjunction with each major

segment of the project during the first 10 to '15 years of the project,

would be designed to provide assurance that winter navigation would be

conducted in an environmentally acceptable manner, with provisions made for

accomplishing any necessary corrective or mitigative actions, including the

halting or limiting of vessel traffic if necessary.

These benefits to the environment are measured against those that would

occur in the most probable future condition - extension of navigation to 31

January (+ 2 weeks) by economic pressure and few overt federal actions.

Under such circumstances, the potential for some dramatic adverse impacts

would exist (accidental spills and possible shore erosion), but would not

have the benefits of inventory monitoring or management.

System of Accounts

The System of Accounts is presented to display the significant

beneficial and adverse impacts of the alternate plans of action for the

purpose of trade-off analysis and decision-making. In addition, the System

of Accounts displays the information presently available as a basis to

determine what is still to be accomplished.
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PHASED IMPLEMENTATION

Because of the complexity and vastness of the Great Lakes-St. Lawrence

Seaway System and the need for Canadian co-participation, phased

implementation of the project is considered absolutely necessary. This

particularly applies to the St. Clair and Detroit River system, Welland

Canal (all Canadian), and the St. Lawrence River, a maj6r part of which is

wholly in Canada. On the St. Clair and Detroit River systems, improvements

being recommended for these reaches are necessary to minimize risks cross

the international boundary. Without Canadian co-participation in the

Welland Canal, on the Canadian reach and International section of the St.

Lawrence River, navigation season extension on the total Great Lakes/St.

Lawrence Seaway system cannot be realized.

This report is based upon the assumption that the recommendations in

the Chief of Engineers Report, dated 16 November 1977, which was

transmitted to Congress for its information on 3 August 1979 (House

Document No. 96-181), would be implemented prior to initiation of the

recommendations in this report.

Phased implementation means the implementation of a permanent

navigation season program above and beyond the base condition in this

report in a selected time and geographical sequence. This sequence is the

same as the one displayed in Table 1 and is displayed graphically in Plate B-

1. Season extension would likely be implemented in the same sequence as

Proposal 1 through Proposal 6. Benefit-cost analys~s have been done for

each of the six proposals and are displayed in detail in Appendix D -

Economic Benefits and Costs. It shows incremental justification for the

step-by-step or phased implementation process.

The actual procedure for implementation of activities associated with

each phase is described in the section entitled "Adaptive Method."
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Thd eirst phase (Prop6sal 1) wouldbe iipilmentatioh of those-measures

required for year-round navigation on the upper three Great-Lakes

(Superior, Michigan and Huron). It should be noted that after

environmental investigations are concluded and the environmental statement

zubmitted for the Phase I General Design Memorandum, existing facilities

may allow for early vessel operations in advance of completion of

construction of all improvements for this phase.

The second phase (Proposal 2) would be implementation of measures

'required to provide a 15-day extended closing on the Welland Canal-Lake

Ontario-St. Lawrence River reach to 31 December.

The third-phase (Proposal 3) would be the implementation of measures

required to provide up to year-round navigation on the St. Clair/Detroit

Rivers and Lake Erie.

The fourth phase (Proposal 4) would be the implementation of measures

required to provide for approximately an eleven day early opening starting

20 March on the St. Lawrence River and use of the Welland Canal.

The fifth phase (Proposal 5) considers 10-month navigation from

approximately 7 March to 7 January on the St. Lawrence River portion of the

system and use of the Welland Canal.

The sixth phase (Proposal 6) considers 11-month navigation on the St.

Lawrence River from approximately 7 February to 7 January, and use of the

Welland Canal.

ADAPTIVE METHOD

The Environmental Impact Statement (EIS) accompanying this Survey

Report is programmatic in nature. It describes currently known
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environmental impacts that would result from an Extended Navigation Season.

It addresses. impacts on a regional scale and ,makes provision for the

follow-on studies as described in this Environmental Plan of Action (EPOA).

The EIS because of its programmatic nature also is .able to address

potential, perceived, and unforeseen impacts and provides a proposed plan

for determining which of these might actually occur (i.e., EPOA). The ElS,

by means of this EPOA, presents the environmental program for best assuring

that the environment of the Great Lakes System would be protected

adequately during development of an Extended Navigation Season Program.

The environmental program contains a plan called the Adaptive Method,. which

provides the necessary checks and balances to best assure protection of the

environment. Predictions of environmental impacts would be accomplished

through the use of U.S. Fish and Wildlife Service Assessment Methodology

Technique, which is an integral part of the Environmental Plan of Action.

For the level of detail available for this Survey Report, the Programmatic

EIS is considered adequate and appropriate.

An understanding of the Adaptive Method can best be gained through

reviewing the text below and referring to the diagram in Plate B-2. That

diagram o ltlines the plan, showing basic time frames, reports required, and

inherent checks and balances.

Triangle 1 represents completion of this Survey Report which is

scheduled for early 1980. Triangle 2 represents an anticipated

Congressional authorization and appropriation of funds which could occur

about 1982, should Congress authorize the recommended plan for continued

planning, design, and construction. Since the actual time for such

authorization is unknown, the schedule on the diagram designates this point

as year zero for scheduling subsequent activities and reports.

At year zero, following appropriations, Corps of Engineers (COE) would

begin several geographically oriented detailed planning studies
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concurrently with obtaining environmental baseline and inventory data and

initiating ,the -system-wide and site specific studies. After a period' of up

to 3 to 5 years, sufficient information (en lromental ;engiieering, etc.),

would be developed to make engineering decisions and to allow preparation

of the integrated environmental, economic, and engineering decision-makin&

document called an EIS which would accompany its mutually supporting Phase

I General Design Mem6randum (GDM) to higher' COE authority f r approval.

This EIS would be based on evaluation of the baseline data from both site

specific and system-wide studies. Using the Fish and Wildlife Service

(FWS) Assessment'Methodology Technique, the EIS would predict all impacts

known at that time resulting from the Extended Navigation Season Program,

and would provide details on monitoring considered necessary to guard

against unanticipated adverse impacts. On the diagram, the assessment and

impact prediction would occur between Triangles 3 and 4.

Also, key to understanding the COE Adaptive Method is the commitment

that should the assessment indicate a need, the design of an item or

planned activity could be modified during Phase I planning to mitigate,

compensate, or eliminate adverse impacts.

After approval of the Phase I GDM and EIS, Phase II studies would begin

which are detailed engineering design studies leading to preparation of

plans and specifications. System-wide studies would continue during this

period. At some point, about two years before any construction is

scheduled to begin (Triangle 6), the environmental baseline would be

verified and updated in preparation for monitoring during construction and

operation. Should the design be significantly altered or new information

be developed showing a probability of a previously unanticipated impact, an

appropriate update to the EIS would be prepared prior to construction. In

addition, it is likely that for a major construction activity, such as

compensating works, a Feature Design Memorandum (FDM) would be prepared.

This FDM would describe only one item of construction and could also

require the preparation of an environmental assessment or EIS if the
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structure were altered significantly from previously described plans or if

new potential impacts of the structure came to light since the previous EIS

was completed.

During construction and operation (Triangle 7 through 9), environmental

monitoring would be accomplished as a check on impact predictions and as a

safeguard against unanticipated adverse impacts. The monitoring would

compare the post-construction environmental base conditions with

pre-construction conditions. This would detect subtle or cumulative

impacts. Should the monitoring indicate that a significant impact is

occurring, any of several things would be done depending on the nature of

the impact. If the impact was found unacceptable, the cause would be

eliminated, even to the halting of vessel traffic. If a lesser measure

would accomplish a satisfactory result, it would be done. If an impact

develops which is considered acceptable but undesirable, appropriate

measures would be taken to mitigate, compensate, or eliminate the impact

without halting vessel transits.

There would be several Phase I (GDM) studies and EIS's running

concurrently, but these would not necessarily be started simultaneously.

The diagram, for clarity, shows only one phase of the recommended

implementation and represents the effort needed for year-round navigation

on the upper four Great Lakes. An example of another phase of

implementation would be that of achieving 10-month iavigation on the St.

Lawrence River.

A Validation Report would be completed for each phase of

implementation. A Final Validation Report would be written summarizing all

precediug reports. These would be prepared after monitoring indicated that

i all impacts had been identified and evaluated and all efforts at

compensating, eliminating, or mitigating impacts had been taken. The

Validation Reports would review the information obtained and recommend

whether or not operation should continue. The Final Validation Report
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would provide the answer on the, environmental acceptability of the extended

navigation season program or any phase of the program.

Variations from Project Implementation Procedures.

The Adaptive Method process differs from standard COE procedures in

four (4) areas,:

(1) The Environmental Impact Statement (EIS) is programmatic in

nature, addressing the impacts of the entire program on a level consistent

with present knowledge, and supportive of, the engineering studies. The

programmatic EIS addresses impacts on a regional scale and describes the

program for determining details of site-specific and system-wide impacts at

appropriate times during post-authorization and pre-construction studies

which would address affirmation or reformulation, if necessary.

(2) The Fish and Wildlife Service Environmental Assessment Technique

is employed to extend the customary assessment process, made in the

planning phase, through construction and operation. It places increased

emphasis on responding to unforeseen adverse impacts that occur during

project detailed design, construction, and operation. This technique

should provide for better management responses to unanticipated adverse

environmental impacts.

(3) The Validation Report is a summary of evaluations and conclusions

reached during the monitoring phase of the Program. This is a new type of

report, not previously accomplished in COE studies, and would be provided

to the Congress. It would provide a vehicle for recommending that the

extended navigation season program be modified or halted, based on

unacceptable environmental impacts.

(4) The estimated cost of environmental studies is $126 million, and

is higher than that previously experienced for site-specific, water
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resource development projects. The factors which contribute to the cost

j (-.-.are a lack of adequate information on the Great Lakes-St.. Lawrende River

winter ecosystems and, 6ther effects associated with navigatiOn through ice.

EVALUATION OF PROPOSALS

Economic Benefits and Costs

The economic feasibility of each of the six proposals to extend the

navigation season was determined by comparing equivalent average annual

charges; i.e., interest, amortization, and operations and maintenance

costs, with an estimate of the average transportation-related annual

benefits that would accrue over the selected 1987-2037 period of analysis.

The value given to benefits and costs at the time of their accrual was made

comparable by conversion to an equivalent time basis using an interest rate

of 7-1/8 percent, the current rate applicable to public projects. Costs

are based on October 1979 price levels. It is suggested that the reader

review Appendix D, Economic Benefits and Costs, for a detailed description

of the economic analysic. No estimate of operational costs has been

developed for operating the Welland Canal or Canadian St. Lawrence River

locks and channels. Should the Canadian government participate in the

extended season program, it is assumed they will operate the Welland Canal

and the Canadian St. Lawrence locks and channels. However, the economic

evaluation in this report is based solely on U.S. vessel and U.S. harbors

related interests. Benefits accrued by Canadian vessels, harbors and

shipping interests have not been computed.

Costs of Navigation Season Extension

The entire U.S. portion of the Great Lakes/St. Lawrence Seaway System

was analyzed as to the problems and requirements considered necessary to

extend the navigation season in the following areas: (1) each of the five
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Great Lakes; (2) Great Lakes Connecting Channels; (3) locks in the St.

Marys River and International section of the St. Lawrence River; (4)

harbors in the entire system; and (5), the St...Lawrence River. A summary of

-activities necessary to extend navigation season throughout the system is

shovn in Table B-3 of this Appendix. Costs were derived for all the

activities required for each of the six proposals to extend the navigation

4 season throughout the system. In establishing the United States' costs on

the Great Lakes boundary waters, two assumptions are made: (1) for the St.

Lawrence River, the U.S. will pay 100% of all improvements within U.S.

feiL-Xtorial area aid 50% of the total cost for facilities bridging the

International boundary. In turn, it is assumed that Canada will pay 100%

for improvements within its territorial boundaries, and 50% of the total

cost for facilities bridging the International boundary; (2) for the St.

Clair River-Lake St. Clair-Detroit River System, the U.S. would pay 50% for

required ice control structures and compensating works in the system. The

U.S./Canada cost split is an initial assumption and is subject to

negotiations -between the Governments.

Benefits of Navigation Season Extension

Substantial benefits would result from extending the navigation season

on the Great Lakes/St. Lawrence Seaway System (GL/SLS). First, shippers of

GL/SLS waterborne commerce will have the less costly water traiaspurtation

alternative open to them for an extended period. This would result in

transportation rate savings based on the differentials between GL/SLS

winter waterborne rates and alternative overland rates.

The second major area of savings stems from the more efficient

utilization of the existing Great Lakes fleet mix under normal winter

operations. Navigation season extension provides a greater annual return

on the capital i-wested in ships. Even though variable costs such as fuel

and labor may increase with winter navigation, these increases are more

than offset by the increased number of loaded trips over which to spread
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TABLE B-3
SUMMARY OF ACTIVITIES NECESSARY TO EXTEND

THE NAVIGATION SEASON THROUGHOUT THE SYSTEM

Activity Prop6sal Number
1 2 3 4 5 6

(Required number of items included in each
activity -for each proposal, numbers are cumulative.)

Icebreakers

Type B 2 2 4 4 4 4
Type C 10 12 16 18 20 20

Icebreaker Moorings

Type B 2 2 4 4 4 4
Type C w/dredging 6 7 9 11 12 12
Type C w/o dredging 3 4 6 6 7 7

Vessel Traffic Control 1 1 2 2 2 2

Ice Data Collection 1
Dissemination System 1 1 2 2 2 2

Aids to Navigation 10 14 18 18 18 18

Ice Control Structures 2 4 6 6 11 11

Air Bubbler Systems 6 6 6 6 6 6

Lock Modifications 1 3 3 3 3 3

Dredging 1 1 1 1 1 2

Compensating Works - - 2 2 2 2

Shoreline and Shore
Structure Protection
(Miles of Shore) 4.8 5.9 7.5 8.6 9.6 11.8

Island Transportation

Assistance 2 3 3 3 3 3

.....r Laval Mont... 1 1 2 2 2 2

Environmental Plan of
Action 1 2 3 3 3 3

B-49



'-p

TABLE B-3 (Continud)
SUMMARY OF ACTIVITIES NECESSARY TO EXTEND

THE NAVIGATION-SEASON THROUGHOUT THE'SYSTEM

Activity 'PrbposalNumber
1' '2 -4 5 6

(Required number of items included in each
activity for each proposal, numbers are cumulative.)

-"Pilot-Aces§ "  I 2: 3 3 3 3

Ice and Water
Forecast

Silver Bay, MN
Icebreaking Tug 1 1 1 1 1

Duluth-Superior, MN-WI
Aid to Navigation 6 6 6 6 6 6'
Bubblers 13 13 13 13 13 13
Icebreaking Tug 1 1 1 1 1 1
Channel Clearing

Craft 1 1 1 1 1 1

Ashland, WI
Bubbler 1 1 1 1 1 1
Icebreaking Tug 1 1 1 1 1 1

Marquette, MI
Bubbler 1 1 1 1 1 1
Icebreaking Tug 1 1 1 1 1 1

Escanaba, MI,
Bubblers 5 5 5 5 5 5
Icebreaking Tug 1 1 1 1 1 1

Green Bay, WI
Navigation Lights 4 4 4 4 4 4
Icebreaking Tug 1 1 1 1 1 1

Calumet, IL
Bubblers 4 4 4 4 4 4

Indiana Harbor, IN
Ice Boom 1 1 1 1 1 1

Muskegon, MI
Ice Boom 1 1 1 1 1 1
Icebreaking Tug 1 1 1 1 1 1

B-50



( TABLE B-3 (Continued)
f SUMMARY OF ACTIVITIES NECESSARY -TO EXTEND,

THE NAVIGATION SEASON THROUGHOUT THE SYSTEM

Activity Proposal Number
1 2 3, 4 5 6

(Required number of items included in each
activity for each proposal, numbers are cumulative.)

Ludington, MI
Ice Boom 1 1 1 1 i 1

Icebreaking Tug I I 1 1 1 1

Alpena, MI
Navigation Light 1 1 1 1 1 1

Bubblers 2 2 2 2 2 2

Icebreaking Tug 1 1 1 1 1 1

Saginaw, MI
Navigation Lights 2 2 2 2 2 2

Ice Boom 1 1 1 1 1 1

Icebreaking Tug I I 1 1 i 1

Monroe, MI
Bubblers - - 2 2 2 2

Icebreaking Tug - - 1 1 1 1

Toledo, OH
A&id to Navigation - - 1 1 1 1

Iebreaking Tug - - 1 1 1 1

Sandusky, OH
Bubbler - - I I 1 1

Icebreaking Tug - - I 1 1 1

Huron, OH
Bubblers - - 2 2 2 2

Ice Boom - - 1 1 1 I

Icebreaking Tug - - 1 1 1 1

Lorain, OH

Ice Boom - - 1 1

Cleveland, OH
Ice Boom - - 1 1

Ashtabula, OH

Ice Boom - - 1 1
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TABLE B-3 (Continued)

SUMMARY OF ACTIVITIES NECESSARY TO EXTEND

THE NAVIGATION SEASON THROUGHOUT THE SYSTEM

.I_______ 1 2 3 4 5 6

(Required number of items included in 
each

activity for each proposal, numbers are 
cumulative.)

Conneaut, OH
Ice Boom

Buffalo, NY
Icebreaking Tug
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capital costs. Thus, whereas transportation rate savings result from a new

least cost alternative defined in terms of existing waterborne and rail

rate structures, winter rate savings result from-efficiencies in using the

current Great Lakes fleet, which lowers the annual freight rate for ships

Operating in -the lakes.

Thirdly, users of bulk commodities such as iron ore and coal, which are

transported on the Great Lakes during the 1 April to 15 December navigation

season, stockpile resources for winter production needs in addition to

contingency needs. Stockpiling savings which would result from a reliable

winter supply include interest on capital invested in the stockpile

- inventory itself and reduction of handling costs incurred in stockpile

management.

Summary - Benefits/Costs of Navigation Season Extension

The benefits and costs, described above, and the resulting benefit/cost

ratio, for each of the six proposals for navigation season extension on the

entire system is shown in Table B-4. Also displayed are the net benefits

associated with each of the six proposals. The net benefit is the

difference between benefits and costs for each particular proposal.

Environmental Considerations

Environmental considerations include known impacts on the environment,

and those impacts which may become potential concerns. Because the winter

navigation program is the first of its type in the United States, there is

a lack of baseline information incerning biological conditions in the

Great Lakes/St. Lawrence Seaway System during the winter months.

Biological information was collected during the Demonstration Program;

however, it was generally site specific, and investigations fell short of

answering all the questions concerning Impacts and system-wide

environmental feasibility. This circumstance led to the Programmatic EIS

and Adaptive Method, previously discussed.
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Environmental effects of the recommended plan were considered to be

minimal' in the analysis and evaluation of alternat'--s considered in the

March 1976 Interim Feasibility Report, which recommends navigation season,

extension to 31 January (+ 2 weeks)on only the upper four Great Lakes

using fundamentally existing operational measures. However, in response

to agency concerns expressed by the Environmental Protection Agency and the

U.S. Fish and Wildlife Service, a three-year environmental appraisal

program (conducted concurrently with vessel operation during the first

three years of operation) was also recommended by the Chief of Engineers in

his 16 November 1977 report to validate present environmental assessments

through additional data collection, monitoring and evaluation. The Chief

of Engineers Report also includes the provision of shore erosion and sore

protection measures for the St. Marys River andSt. Clair River-Lake Stb

Clair-Detroit River system which would be implemented as a result of

damages caused by extended season operations to 31 January (+ 2 weeks) on

the upper four Great Lakes.

Since 1976 additional environmental analyses have been conducted

relating to air quality, noise, energy, sediment transport and shore

erosion, benthic communities, vegetation, fisheries habitat, and wildlife

resources. Based on the analyses conducted to date, no significant

overriding euvironmental impacts have been identified which would preclude

proceeding with an extended navigation season beyond 31 January (+ 2 weeks)

on the upper four Great Lakes. However, the state-of-the-art, with

available biological information-, data, and ecosystem understanding, is not

able to provide the total confidence in impact predictions desired at this

time. Consideration of the environment in the form of the Adaptive Method

(including Phase Implementation) evolved from three basic choices: (1)

fully determine environmental feasibility prior to authorization; (2)

preliminarily determine environmental feasibility prior to authorization,

but conduct comprehensive studies on critical areas following authorization
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(but before construction or operation); and (3) preliminarily determine

environmetal feasibility prior to authorization, conduct any environmental

studies on an "as needed" basis during construction or operation. The

first possibility has been endorsed by several interest groups and the

State of ;New- York. While -the alternative -itself is' the m6st

environmentally conservative, the cost to conduct such studiesbefore

determining the exact authorized project bounds is prohibitive. The third

possibility, the most environmentally liberal, leaves the environment

vulnerable to, irreversiblelosses. The second possibility synthesizes the

-advantages of the other two -prohibiting a commitment of the environment

before'the ramifications may be fully discerned, at a reasonable cost.

Studi'es n ecessary-for this approach are more specifically defined in

the Environmental Plan- of Action(Appendix E),, which could be implemented,

in c6ncert wkth the phaded implemehtation of the six proposals of: season

extension, during the first 10 to 15 years of the authorized project. The

environmenta' data obtained. would be used to refine the activities

currently beingrecommended during the advanced engineering and design

phase prior to construct-ion and implementation. If any impacts were found

- to be significant, provisions would be made forany necessary mitigative or

corrective actions, including the halting of vessel traffic if warranted.

RATIONALE FOR RECOMENDED PLAN

The -previous section on plan development discussed the identification

of a National Economic Development (NED) plan and an Environmental Quality

(EQ .Orlente&d) pl:an. The NED plan, while maximizing net economic benefits

in order to achieve a permanent extension of the navigation season, would

not fully satisfy all the planning objectives as set forth for this project

study. This is due to the fact that the NED plan would not include a

comprehensive Environmental Plan of Action which provides- for an ADAPTIVE

METHOD approach for determining environmental feasibility of an extended

navigation season program and is aimed -at enhancing environmental quality
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( wherever possible. The EQ (Oriented) Plan as described in this report

would provide the mechanism to-collect sufficient basel'ifiedata, evaluate,

assess, and address the impact of proposed actions, and monitor and

validate on-going -ctions. This approach would insure the environmental

compatibility of the plan of improvement and possibly result in a net

enhancement of environmental quality when viewing the system as a whole. A

net positive contribution to the environmental quality account would

-provide for the eventual implementation of a true EQ project plan. The

addition of the Environmental Plan of Action and the resulting ADAPTIVE

METHOD approach to the basic NED plan should not unacceptably reduce the

economic effectiveness of the selected plan. It would also be in much

closer conformity to fulfilling all the study planning objectives. As

such, it is being recommended that the EQ (Oriented) Plan, as currently

described in this report, be selected over the NED plan.

As stated in previous paragraphs, six proposals were developed to

further extend the navigation season on the entire Great Lakes/St. Lawrence

Seaway System beyond 31 January (+ 2 weeks) on the upper four Great Lakes,

each to be implemented in sequence cal-ed phased implementation. The last

step of the proposed phased implementation is Proposal 6 (see Table B-l) -

extending the navigation season from 10 to 11 months on Lake Ontario and

the International Section of the St. Lawrence River, 12 months on the upper

three Great Lakes, and up to 12 months on Lake Erie.

Proposal 5 appears to be the best plan of improvement, and it suggests

that the navigation season be extended up to 10 months on Lake Ontario and

the International Section of the St. Lawrence River, 12 months on the upper

three Great Lakes, and up to 12 months on the St. Clair River-Lake

St.Clair-Detroit River System and Lake Erie (Proposal 5). This

recommendation is being made with the realization that the ice forming

period in the International reach of the St. Lawrence River (above Massena,

New York) may not coincide with that in the all Canadian reach below

Cornwall, Ontario. As a result, in a given year, the closing date for
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-navigation on the St. Lawrence River may have to be shifted somewhat to

accommodate ice formation in these two reaches under Proposal 5.

Prpposal 6 has the following shortcomings:

(-I) Uncertaintiesas to the impacts on ,water levels, and flows during

the 11-month in this portion of the system, due to ice control structures

and/or dredging.

(2)" Eleven-month navigation is currently beyond any plans to extend

the navigation season being considered by the Canadian Governent'.

(3) The question as to the need for major dredging on the St. Lawrence

River, to extend the navigation season on the St. Lawrence River to 11

months, has not been completely resolved (i.e., engineering feasibility has

not been determined). -In addition, significant objection has been raised

by the U.S. Fish and Wildlife Service, State of New York, and local

residents to the potencial impacts of any major dredging to enable 11 month

navigation on this portion of the system.

(4) Should dredging be considered necessary, the economic incremental

justification as to maximization of net project benefits is still somewhat

speculative due to the uncertainty as to the type and extent of dredging

required. As can be seen on Table 2 of the Main Report, an extension of

the navigation season from 10 months to 11 months on Lake Ontario and the

International Section of the St. Lawrence River may or may not be incre-

mentally justified based on the current preliminary minimum and maximum

quantity estimates of possible dredging that may be used.

(5) A 10-month season allows for more deliberate lock maintenance.

(6) An eventual 10-month season may tend to strike a balance between

environmental and economic interests.
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Because of its seeming importance on the St. Lawrence River, several

factors must be considered relating to the necessity for dredging, and the

magnitude of dredging required, to provide for extended season navigation,

particularly in the reach between Chimney Point (Ogdensburg, NY)-and the

downstream end of Ogden Island.

A primary concern is the maintenance of a stable ice field. If this is

not accomplished, loose ice could contribute to the formation of ice jams.

This would increase ice retardation, defined as the reduction of the flow

of a river due to ice cover. Ice retardation can also be accentuated by

increased ice roughness and/or thickness.

The formation of ice jams and increased ice retardation could result

in: (a) impeding commercial navigation; (b) a decrease in water levels

below Low Water Datum downstream of the ice jam; (c) reduction in the flow

to the extent that reductions in hydroelectric power generation result; and

(d) possible upstream flooding.

There are several options that can be evaluated in overcoming these

difficulties. The alternatives include:

(1) Reducing the regulated outflow of the St. Lawrence River coupled

with the necessary regulation changes in the downstream (Canadian only)

portion of the river;

(2) Dredging, for the purpose of reducing flow velocities to promote a

stable ice cover and installation of additional ice control structures and

the temporary control or cessation of vessel movement to allow for the

initial development of a stable ice cover; and,

(3) Annual installation of ice control structures combined with the

cessation of vessel traffic during the ice formation period, without

dredging.
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Solutions must incorporate allowances for the development and

maintenance of a stable ice cover. In the St. Lawrence River reach between

Chimney Point and the downstream end of Ogden Island, the existing average

river flow velocities range from 1.0 Xps to 3.5 fps at a river flow of

220,000 cubic feet per second (the flow during the ice formation period)-.

Ice booms would be installed -in this reach to control the movement of ice,

to promote a smoother, thinner ice cover and thus increase the flow

capacity of the river. However, due to the existing velocities in this

reach, utilizing a series of ice control structures, independent of other

improvements, may not provide satisfactory results for an l month

navigation season.

The reduction in regulated outflows alternative primarily addresses

increased draft needed upstream of the control structures to accommodate

navigation. if this alternative were implemented, it would involve the

redistribution, over time, of water available for hydroelectric power and

would require additional dredging for maintenance of vessel draft in

Canadian waters. Since Canadian co-participation as not been agreed to,

so far in this study, the alternative cannot be fully evaluated at this

time. This alternative could be addressed during the advanced engintering

and design phase, which would include Canadian co-participation.

The annual installation of a series of ice control structures in the

International Rapids reach in combination with a cessation of vessel

traffic during the ice formation period (early January to early February)

should provide a satisfactory solution to the problem of 10-month extended

navigation in this reach. To assure the proposed control structures would

function as intended, a combination of mathematical and physical models

would be developed and constructed. This would be coupled with a vessel

transit test of the system of structures during the advanced engineering

and design phase of project implementation.
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Due to -the velocities which currently exist in this reach, a series of

ice control structures, alone, may not provide satisfactory results for an

11-month navigation season. Therefore, for an 11-month navigation Eleason,

it may be necessary to dredge approximately 25.2 million-cubic yards of

material from various portions of -this -reach in order to, reduce the average

river flow velocity to 2.25 fps. This reduced velocity, in~conjunction

with ice control structures, would, given proper weather conditions, allow

S , a greater opportunity for a stable ice cover to develop and remain during

ship passage.

IMPACT ASSESSMENT

Economic Justification - Recommended Plan

In order to accurately determine the economic feasibility of the

recommended plan to extend the navigation season 12 months on the upper

four Great Lakes and 10 months on the Welland Canal-L~ke Ontario-St.

Lawrence River portion of the system, it is necessary to subtract out -the

benefits contained in the March 1976 Interim Feasibility Study to extend

the navigation season to 31 January on the upper four Great Lakes from the

total benefits -associated with the recommended plan (as shown in Table,

B-5). This prevents double-counting of benefits and assures that only

those incremental benefits that are in excess of those contained in the

March 1976 Interim Feasibility Study are allocated to the recommended plan.

The latest average annual benefits associated with the March 1976 study are

as follows (for a more detailed description of both the benefits and costs

of this Interim Study see Table 40 of Appendix D):

Transportation Rate Savings $ 0

Winter Rate Savings 4,982,000

Stockpiling Savings 5,471,000

TOTAL $10,453,000
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The above average annual behefti't associated with the March 1976

Interim Feasibility, Study have been substracted from the total benefits of

each of the proposals to extend the navigation season.

Harbors Included in Recommended Plan

In the GL/SLS economic region, cargo flows to anid from Bureau of

Economic Analysis (BEA) areas located in the 19 States of this region. For

origin or destination from BEA's away from the Lakes, no indication is

given as t6 what Lakeside BEA or port the cargo is shipped through4

Traffic that has an origin or destination within a Lakeside BEA can he

assumed to usually move to an alternative coastal port or ports within the

BEA. However, BEA's frequently contain more than one port.

To overcome the difficulty as to what ports commodities flow through a

port/split methodology was develop. A detailed description of this-

port/split methodology was utilized to derive normal season and extended

season traffic projections for those major Great Lakes harbors expected to

benefit from the recommended plan.

A summary of the total estimated stockpiling, transportation rate, and

winter rate benefits, the annual costs, and the ratio of benefits to costs

for each of the major Great Lakes harbors having traffic benefiting from

the recommended plan to extend the navigation season, are shown in Table

B-6. Only those benefits are displayed in Table B-6 which are in excess of

those benefits associated with the March 1976 Interim Feasibility Study.

In order to determine what percent of system costs (improvements that

are not in a specific harbor, but are on the Great Lakes, the St. Lawrence

River, or the connecting channels and locks) should be allocated to each of

the major harbors, the total annual benefits accruing to each harbor were

examined to determine whether they originated from season extension on the
upper four Lakes alone or from extension on the entire GL/SLS System. A

harbor should only share in the cost allocation for those system

improvements from which it benefits. For example, if a harbor does not
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-TABLE-Br6
AVERAG ANNUAL BENEFITS AND COSTS

FOR U.S. HARBORS iN RECOMMENDED. PLAN

(in $1,000 at 7-1/8%)

Harbor Annual Harbor Annual Beiefit/Cost

Benefits Costs Ratio

Two Harbors, MN $ 5,488 $ 1,678 3.3

Duiuth-Superior, MN-WI 52,426 14,263 3.7

Presque Isle, MI 1,703 516 3.3

Marquette, MI 159 192 0.8

Taconite, MN 5,640 1,723 3.3

Silver Bay, MN 5,623 1,744 3.2

Ashland, WI 250 668 0.4

Green Bay, WI 478 373 i;3

Milwaukee, WI 2,997 323 9.3

Calumet Hrbr., IN-IL 13,917 1,841 7.6

Indiana Harbor, IN 6,888 1,200 5.7

Burns Waterway, IN 1,925 461 4.2

Gary, IN 3,888 689 5.6

Escanaba, MI 2,822 1,571 1.8

Ludington, 1I 6 401 0.0

Port Washington, WI 426 131 3.3

Saginaw, MI 10 539 0.0

St. Clair River, MI 1,562 477 3.3

Detroit, MI 25,641 3,425 7.5

Alpena, MI 44 290 0.2

Toledo, OH 9,002 2,011 4.5

Sandusky, OH 1,124 729 1.5

Huron, OH 3,826 1,407 2.7

Lorain, OH 5,198 1,791 2.9

Cleveland, OH 23,362 3,893 6.0

Ashtabula, OH 3,959 1,478 2.7

Conneaut, OH 6,763 2,274 3.0

Buffalo, NY 19,025 4,850 3.9

Monroe, MI 1,451 717 2.0

Muskegon, MI 56 405 0.2

TOTAL SYSTEM BENEFITS $205,666 852,061 4.0

(



benefit from season extension on the-$t. Lawrence.River, then, the-cost of

9 the system improvements on the St. Lawrence River, should not be allocated

to it. The annual system costs allocated to harbors were added to the

annual costs of improvements in the individual harbors themselves to derive

total annual harbor costs for the recommended plan.

Only those harbors with a benefit/cost ratio of greater than 1.0 are

economically justified. The following paragraph depicts what the impact on

the overall benefit/cost ratio of the recommended plan would be if these

economically unjustifiable harbors were excluded.
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Benefit/Cost Ratio/ of Recommended Plan - Excluding Harbors

Unjustified from a Federal Investment Viewpoint

If only those 25 harbors with a benefit/cost ratio greater than

1.0 (as shown in Table B-5) are ihicluded in the recommended plan,

then the overall annual benefits of the plan decrease from

$205,666,000 to $205,131,000, and the overall annual costs decrease

from $52,061,000 to $49,718,000. Therefore, the net effect on the

benefit/cost ratio of the plan from the exclusion of these harbors is

to increase the B/C ratio from 4.0 to 4.1. It should be noted that

the decrease in benefits that results from the exclusion of these

-& currently unjustified harbors stems from two factors: (a) the

elimination of the benefits accruing to the economically unjustified

harbors themselves, and (b) the elimination of the benefits accruing

to those harbors that trade with the economically unjustified

harbors. It is also important to note that the reapportionment of

annual benefits and costs to the 25 remaining harbors does not result

in any additional harbors becoming economically unjustified,

Possible Negative Benefits

Concerns expressed regarding possible negative benefits of season

extension on (1) the environment (such as changes in fish and

wildlife habitat/population and aesthetic values) and on (2) winter

recreational use of lakes, harbors, and channels have not yet been

fully quantified. They are not included in the current benefit/cost

ratio of the recommended plan. The benefit/cost ratio does include

the estimated amount for the Environmental Plan of Action (EPOA) and

a winter recreation sLUo v, both of which are to be initiated in the

advanced engineering and design phase. Implementation of these

studies would provide information as to the quantification of any

environmental/recreational disbenefits associated with the
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j recommended program. To date, no disbenefits have been identified
which would substantially alter the benefit/cost ratio. However, as

environmental/recreational disbenefits become quantified during the

pre-construction planning and advanced engineering and design phases,

the dollar amount will be included in the benefit/cost ratio and

displayed in appropriate EIS's.

Secondary Regional Impacts

Appendix D contains the results of the Regional Ep~onomic Benefits

Study conducted for the Corps of Engineers by Booz, Allen and

Hamilton, to determine the regional impact of navigation season

extension on the Great Lakes Region. This study depicts the regional

benefits and employment accruing directly to Individual Great Lakes

ports, as well as the regional economies surrounding these ports. It

is essential to note that these regional benefits represent regional

transfers of income to the Great Lakes Region from other regions of

the country, based on that traffic which would be diverted to the

GL/SLS from other transportation modes as a resu?.t of season

extension. As such, these regional benefits are not included in the

recommended plan's overall benefit/cost ratio, which only addresses

net increases in the nation's overall efficiency in the

transportation of goods (as reflected in the project's primary,

transportation-related benefits).

As menL... qd above, navigation season extension will tend to

divert future expected traffic away from the rail and trucking

industries and Eastern and Gulf ports toward the GL/SLS System. In

order to determine what impact this diverted tonnage would have on

the various transport modes and regions concerned, an Intermodal

Impact Study was undertaken and is described in Appendix D. Again,

it should be noted that any regional disbenefits would represent a
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regional transfer of -income away froi other transport modes and

regions 'of-the country to. the Great Lakes R~gion and, as such, would

not be included in the recommended plan's overall benefit/cost ratio.

Energy Impacts

Appendix D contains the results of the Energy Impact Study

undertaken for the Corps of Engineers by TERA, Inc., to determine -the

effect that navigation season extension would have on energy

consumption. Specifically, this study compared the energy

consumption associated with winter waterborne movement of bulk and

general cargo during an extended navigation season to the energy

consumption associated with winter movement of the same commodities

via the least-cost alternative transport mode (rail, truck, barge).

Energy impact results were based on severe winter conditions.

Included in the analysis were the incased transit times and delays

that would be associated with winter navigation operation for the

various size vessels in the Great Lakes and overseas fleets, as well

as the energy expended by the facilities and operations (the

infrastructure) required to support winter navigation. The study

concludes that there would be a small, but positive, energy impact

associated with the increased GL/SLS waterborne movement that would

result from an extended navigation season.

Power Production

As far as the impact of winter navigation on power production is

concerned, the expected ice condition with the proposed plan of

improvement in operation is expected to maintain normal water levels

and flows, therefore, there would be little to no impact on power on

the upper lakes. The ice control proposed for the St. Lawrence River

should eliminate the severe ice dam problem in that river and should

provide a benefit to power through increased head and the maintenance

of outflow capability.
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Environmental

Although the environmental concerns of an extended navigation

season are numerous and variedi few potential impacts have been

documented. Such impacts as -have beer identified can be found in

Appendix F, Environmental, where t-':ey are discussed and evaluated

specifically in relation to conditions that were found to exist

during the Navigation Season Extenslon Demonstration Program.

A-summary of concerns chat have been expressed are listed below

These -concerns are listed in no particular order since each could be

a required component of the total study effort. When completed, the

appropriate studies mentioned should provide the information required

to suitably evaluate the impacts of an extended season on the Great

Lakes-St. Lawrence Seaway System.

Air Quality

The implementation of the recommended navigation season extension

plan could temporarily alter the pattern of atmospheric loading on a

local basis. As vessel traffic expands and the work effort is

increased, as would be experienced by navigation through ice, levels

and distribution of emissions to the atmosphere could be affected.

With extended season shipping, any air quality improvement that may

have been associated with a non-shipping winter season could be

altered, if not eliminated. Construction, dredging, and equipment

operation as proposed for the project could adversely influence local

air quality.

Impacts on Noise

Activities associated with winter navigation which could have

possible impacts on noise levels include construction operations,
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dredging and its related disposal activities, icebreaking and

commercial vessel operations. Noise associated with,construction

)perations would be temporary in nature, while other activities may

-have a 1ohiger 'duration of increased noirs levels. The effects of

these noise levels are hard to determine due to the fact -that overall

noise-problemsare complex since they depend on distance, wind,

weather, and the particular listener. While it is possible to

identify and quantify sounds attributable to various operations, it

-'is difficult to predict the subjective interpretation in a given

location under varying conditions. Impacts are expected to be of a

-low nature due to the reasons stated above. However, many permanent

residents of connecting channel areas may be irritated by the change.

Impact on Water Resources

The water resources of the Great Lakes System would, to varying

degrees, be affected by activities proposed under the extended

navigation season program. Such activities include: dredging,

dredge material disposal in open water, winter

navigation/icebreaking, construction of shore erosion and shore

protection measures, the installation or modification of ice booms

and navigational aids, and the construction and operation of water

compensating works. Long term effects would be those resulting from

increased sedimentation from ship passage and those resulting from

erosion due to ice movement at shorelines.

Water Quality

With the possibility of additional dredging and disposal

operations, temporary increases of localized turbidity would occur.

This turbidity could restrict biological productivity in a number of

ways; however, the two most significant with respect to water quality
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are the restriction of light availability to photosynthetic organisms

l~j;and aquatic flora and the possible resuspension of incompletely

digested benthic material. Also, dredging and vessel maneuvering

could cause resuspension of heavy metals and toxic substances, which

would lower water quality.

Before a concise environmental evaluation to supplement that

already accomplished for all dredging activities can be made on the

specific effects on water quality from the recommended plan,

additional information is considered necessary. Areas of studies

that are proposed include: (a) site-specific water resource base

condition studies, where data gaps exist; (b) studies on the combined

effects of vessel movement and bubbler system operations; (c)

monitoring and validation of perceived impact studies related to

vessel operations in an ice environment, including icebreaking

activities; and (d) effect of vessel passage on shore erosion.

Further information on water resources studies being proposed or

currently conducted is contained in Appendix I, Levels and Flows, and

Appendix E, the Environmental Plan of Action.

Impact on Energy

In order to determine the energy impact of extending the

navigation season on the Great Lakes/St. Lawrence Seaway (GL/SLS), an

Energy Impact Study was undertaken for the Corps of Engineers by a

consulting firm - TERA, Inc. Specifically, this study compared the

energy consumption associated with winter waterborne movement of bulk

and general cargo during an extended navigation season to the energy

consumption associated with winter movement of the same commodities

via the least-cost alternative transport mode (rail, truck) barge).

All line haul movements were specified as origin to destination

movements shipped either via a GL/SLS routing or an alternative
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transport mode routing. The analysis measured the change that

extended season navigation would have on the energy c6nsumed in line

haul freight operations as a result of: (1) traffic being daiverted

to. th GL/SLS system from alternative transport modes, and (2) Great

Lakes traffic being redistributed from the normal season to the

winter season as a result of altered stockpiling patterns. For

greater detail on this energy impact study see Appendix D. The study

concludes that there would be a small, but positive, energy impact

associated with an extended navigation season.

Impact on Sediment Transport and Shore Erosion

Actions which could cause sediment transport and shore erosion

include the direct movement of ice in contact with vessels, propeller

wash, drawdown and surge, dredging, and construction of structures

(ice booms, etc.). The significance of these various factors depends

on a number of local conditions such as the water depth and bottom

configuration, water levels, soil conditions, ice conditions, and the

presence of other transport agents (e.ge, natural currents or waves).

Other Effects

There may be effects beyond shoreline erosion. Large areas of

grounded ice resulting from the packing of brash ice under the ice

cover or increased frazil produccion due to increaeed open water

areas have also been proposed as a possible medizm for the

transmission of ship-induced vibrations to the shore and shore

processes. These vibrations have been reported to range from

aesthetically disturbing to structurally damaging.

Disruption of an ice cov'er may also have some as yet undefined

effect on ice movement and damage by natural forces. In the case of

relatively ice-free rivers such as the Detroit-St. Clair Rivrs, the
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disruption of an ice cover on the lakes upstream may allow large

quantities of ice to pass through. This in some cases has been

observed to cause bottom scour and ice piling at bends and the

upstreamends of islands; Th-e large forces possible from ice runs

could also pose a special threat to shore protection measures.

In most coastal areas natural shoreline modification forces such

as waves an& currents would' be far more significant than any vessel

related effects, and in most cases the shipping lanes do not come

near enough to the shore for vessels to have a noticeable effect. In

some more protected areas that may not be true. Ice movement

problems after disruption could be particularly important in coastal

areas with significant wind driven ice push.

Studies being recommended for evaluation of the effects of winter

navigation on shore erosion and sediment transport are presented in

An v ai

Impact on Benthic Communities

Activities which could affect benthic communities (communities of

organisms attached or resting on the bottom or living in bottom

sediments of a river or lake) are: dredging, vessel operations,

including icebreaking, bubblers, construction of shore protection

measures and the installation of ice booms and navigation aids.

The most pronounced effect that the above stated activities have

had individually or in combination with other activities, is the

removal/disruption and suspension of bottom sediments, including

benthic (bottom dwelling) organisms. Impacts have occurred in

critical reaches of connecting channels, harbors and in shallow

offshore areas, during both the extended season Demonstration Program

and during customary season operations.
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Impacts on Vegetation

Significant impacts of the recommended-plan on vegetation appear

unlikely over large areas of the Great Lakes System, but some

especially perceived impacts could occur within constricted areas of

the system, such as in connecting channels. Vessel movement could

also disrupt shoreline, littoral zone, and wetland Vegetation.

Changes in ice cover due to icebreaking and vessel movement.-could

affect the primary productivity on a localized basis.

On the positive side, decreasing ice thickness by bubblers or

opening of channels by icebreaking and vessel movement would allow

more light to penetrate into the body of water. On the other hand,

construction operations could remove or adversely impact submerged

vegetation. Dredging operations could eliminate areas of submerged

growth.

Terrestrial

Construction of shore based aids to navigation, e.g., course

ranges, would have a minimal effect on terrestrial vegetation.

Beneficial and adverse impacts that could occur would be dependent

upon site location. If the site consists of wooded vegetation,

course ranges would be cleared of obstructive vegetation from the

water edge to the rear of the range lights. The course ranges should

not exceed 100 yards. Construction of required support facilities

and required disposal sites for dredge material could cause loss of

vegetation through removal or burial of flora, and habitat change.

Impact on the Fisheries Resource

The fisheries resource of the Great Lakes System could locally be

affected through various program activities. The program activities

in areas such as connecting channels, harbors, and shallow water
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areas of lakes could influence-fish spawning including, egg, urvival,

( behavior-i distribution, and habitats.

Potential changes in fish habitats could occur from a variety of

project-related activities, which include vessel operations,

propeller wash, addition of ,riprap, dredging, dredge material

disposal, construction of navigation aids, compensating works, and

icebreaking.

Impact on Wildlife Resources

Wildlife within the Great Lakes Basin could be impacted by the

Navigation Season Extension Program. These impacts would occur in,

the coastline area where the project-related activities occur. As

previously mentioned, the areas of major perceived impact are the

shoals, littoral zones, and coastal wetlands of connecting channels

and harbors. These areas are valuable for wildlife movement and

migration, breeding, and habitats.

Migration of mammals that use ice cover for crossing water

barriers could be affected under the program.

Wildlife breeding could be affected by the program through the

loss of breeding habitat. Construction activities, dredging, and

vessel operation could eliminate, degrade or enhance the breeding

value of certain areas. Of main concern are emergent wetlands that

could be impacted by the above activities.

A variety of waterfowl and shorebirds, as well as mammals such as

muskrats, raccoons, and mink, utilize these areas for feeding,

resting, and migration. Loss of these important habitats due to

physical alteration or removal by the project activities could lead

to decreased production. This could, in turn, affect the ecology and

economics of nearby areas by decreasing the number of organisms

present which could reduce trapper catches.
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-Open water may be created-or modified by icebreaking activity

associated with the program, which includes U.S.C.G. icebreaking

activities and/or commercial vessel traffic in an ice environment.

It has been reported by the Michigan Department of !Natural

Resources (MDNR) that the winter feeding areas created within ice

packs by warm water discharges have, at times, become severely

restricted or reduced in size, due to efforts to extend winter vessel

traffic. Vessel traffic, as reported by MDNR, could aggravate ice

conditions by breaking the static ice packs and cause continual

encroachment of ice packs into the winter feeding areas, tihcrzby

reducing the available feeding area, It is this restriction to

waterfowl usage that, over a period of time, could cause malnutrition

in waterfowl.

Uplahd habitats could be affected through construction;

activities of shore facilities and land-based navigation aids which

could alter or eliminate small shoreline areas. These changes could

cause the displacement of some fauna to neighboring areas.

Certain sensitive habitats in the Great Lakes Basin could be

impacted more than others. Areas that may be of particular concern

for endangered or threatened species are the coastal wetlands.

The Environmental Plan of Action suggests that a system-wide

study be conducted on endangered and threatened species and their

critical habitat. Existing data would be compiled and additional

field work performed. Further investigation would take place where

recommended activities may require an environmental document, in

accordance with Section 7 of the Endangered Species Act of 1973, as

amended.
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The validity of any conclusions drawn from the potential studies

set -forth above, would be limited to the extent that any information

gathered and analyzed would be representative of the interaction of

an extension of the navigat ,on seson and the environment. However,

the environmental baseline, data that 'is collected may be useful for

other systeiiiiide studies other than winter navigation. The

Environmental Plan of Action and subsequent 10[15 year monitoring and

evaluation period would ultimately allow determination of the total

environmental feasibility of a phased extension of the nav¥igatio

season on the Great Lakes-St, Lawrence Seaway System to as much as 12

months, or year-round.

Social Well-Being

Concerns have been expressed at public meetings regarding

potential damages to shore and shore structures due to vessels

operating in constricted areas of connecting channels and ice;

potential hazard to public safety, health, and welfare of crew

members and personnel required to cross channels on ferry boats; the

potential disruption of outdoor recreation activities such as ice

fishing and snowmobiling; other potential adverse environmental

impacts on vessel crews such as the ship induced noise and vibration;

and potential disruption of power generating facilities due to ice

jams. Additionally, a review of all previously identified social

effects and a projection of a range of potential future effects was

made. Appendix H indicates that social effects were identified in

four major categories: recreation, shore erosion and structure

damage, cross channel transportation, and occupational groups (see

Appendix H).
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a. Winter Recreation

Effects of winter navigation upon winter recreation occur when

icebreaking activities wfthin the channel make the adjacent ice cover

potentiqlly unsafe for onH-ice activities. Recreational ice fishermen

and snowmobilers are affected. Three studies have been completed to

date which address the .problem; however, as it turned out, all were

conducted during mild winters. A study identified those harbor areas

where winter navigation was likely to affect recreational activities,

and recommended further studies of those areas. A second study

surveyed winter recreationalists along the St. Marys River and less

than one-half expressed negative opinions regarding winter navigation

and recreation. A third study on the St. Lawrence River concluded

that ice fishing was a major form of recreation for some people

living close to the areas and, therefore, not a major economic

stimulant to the area. It was concluded that in the St. Lawrence

River area, the weakening of the ice cover from ice breaking would

not affect embayments where most ice fishing takes place.

Recreation studies completed to date do not fully assess the

present or potential economic impacts of season extension activities

on winter recreation activities. In order to integrate the previous

studies, and to further quantify the regional and community impact of

the possible disruption of winter recreation activities located

adjacent to proposed winter navigation sites, an additional

recreation study is proposed during the post-authorization,

pre-construction stage. This study would establish the magnitude of

winter recreation near extended season routes based on the distang

traveled to the site, the number of participants, the amount of money

spent, and those affected economically by these activities.
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b. Shore Erosion and Shore Structure Damage

The second type of winter navigation related effect is shore

erosion and shore structure damage (primarily docks). This is caused

primarily by the disruption of ice cover and shorefast ice by the

passing ships. Primary locations where this effect could be

increased by a navigation season extension include areas along the

St. Marys, Detroit, St. Clair, and St. Lawrence Rivers. Shore

erosion and shore structure damage is considered, by the public, to

be at least partially caused by the winter navigation activities.

Specific conclusions have been developed for this report which

consider both structural and nonstructural solutions to the problem

of shore erosion and shore structure damage.

Alternative Courses of Action have been formulated to provide

riparian owners with relief from shore erosion and shore structure

damage associated with the Great Lakes-St. Lawrence Seaway Navigation

Season Extension Program.

Riparian owners have long and continually, according to results

of recently documented studies, suffered accelerated shore erosion

and aggravated shore structure damage due to the Great Lakes-St.

Lawrence Seaway Navigation Season Extension Demonstration Program.

In order to properly redress riparian owners and best accommodate

this situation, several courses of action have been considered.

These courses of action range from the Government's current exercise

of its right of navigable servitude of all land and structures below

the ordinary high water mark in navigable waters (in which

responsibility on the part of the Government is very limited) to that

of accepting full and complete responsibility for financing the

repair and replacement of all structural damage and erosion. In

addition, there are several intermediate, responsibility-sharing

alternatives. It should be realized during this discussion that,
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according to the doctrine of navigable servitude over all lands and

structures below the ordinary high water mark in navigable waters,

the Federal Government can only be held responsible for structural

damage or loss of property occurring above this mark.

Consequently--unless some new enabling legislation takes place--the

Government is not liable for any damage resulting to property below

the ordinary high water mark and, therefore, will not compensate the

owner. (For further discussion of "Federal Navigation Servitude,"

see ,ippendix J, Legal Considerations.) A description and discussion

of ieach of the considered courses of action follows.

First Course of Action - Government Assumes Full and Complete

Responsibility: In this course of action, the Government would be

responsible for financing the repair and replacement of all damaged

structures and prevention of erosion resulting from the Extended

Winter Navigation Program, both above and below the ordinary high

water mark. This alternative could be implemented by the property

owner submitting a claim to some agency such as the Corps of

Engineers. The Government would then provide the necessary funds to

the owner or to a contractor to restore the property or structure.

The advantage of this alternative is that it may tend to eliminate

the anticipated complaints of property owners who suffer structural

damage or severe erosion. However, several disadvantages exist: it

may be an extremely costly means of solving erosion and structural

damage problems which may or may not be caused by Winter Navigation;

the obligation to finance repair and replacement may reoccur each

year; this course of action does not recognize governmental immunity;

and finally, there may be insufficient incentive for riparian owners

to take proper precautions to protect their property or structures.

Second Course of Action - Maintain Current Situation and

Responsibilities: This is the extreme opposite of the first course

of action. In this case, the Government exercises its navigable
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servitude over all lands and structures below the ordinary high water

mark and is liable only for structural damage or loss of property

occurring above the ordinary high water mark. Compensable damage

suffered above the ordinary high water mark couid be handled in the

same manner as suggested by the first 6ourse of action. Owners could

submit A claim for cost 6f repair or for loss of land suffered to a

government agency such as the Corps of Engineers. The Government

would then proceed to pay the claim in the same manner as other

claims are acted upon. The advantages of fins course of action are

threefold: the navigable servitude of tle Government is recognized

and eliminates the need to compensate fd damage or loss below the

ordinary high water mark; this is the minimum cost plan; and by

compensating for damage or loss above the ordinary high water mark,

the Government would be fulfilling its duty to poy for the taking of

any land which occurs in the exercise of the Government's duties.

Disadiantages of this alternative include the inevitable complaints

by residents or riparian owners following their noncompensable

losses. Recent studies substantiate that there is a loss below the

ordinary high water mark that could be attributable to extended

navigation. Additionally, the cost of repairing or compensating for

damage or land lost above the high water mark could still be

expensive and continuous, as damage would have to be corrected each

year following the season extension period. Based upon public

response received thus far, this course of action, as the ongoing

situation, would be unsatisfactory to the riparian owners.

Third Course of Action - A One Time Erosion Claim Alternative

Below High Water Mark: Presently, refusal to compensate for damages

above the ordinary high water mark would be contrary to the Federal

Tort Claim Act and the Fifth Amendment. In this course of action,

the Government would, on a one-time basis, provide financial support

to permanently repair, replace, and/or compensate for loss of land

below the ordinary high water mark and refuse liability for all
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future damages or erosion below the ordinary high water mark. No

compensation would be made for structural damages in this

alternative. In this course of action, notice would be given to all

current owners, all future purchasers, and all those who seek to

build below the ordinary high water mark that they would be doing so

at their own risk. Proper notation might be made in the Register of

Deeds Office as one means to make future purchasers aware. This

course of action would be implemented by allowing present property

owners to submit claims in the manner as suggested in previous

alternatives. Community meetings and/or local publications would

also be utilized to communicate the necessary caveat to those who

seek to buy or build in the future. The advantages of this

alternative include the fact that it seems fair to compensate present

property owners for their damages even though compensation for some

of the loss may have previously been denied by the Government as

subject to the navigable servitude. Also, those who do not now own

waterfront property or structures can avoid injury by determining not

to buy or build or to do so only if proper structural protection is

utilized. Additionally, any permits that are issued could state that

builders or owners should take into consideration the effects of

navigation in their construction and that they build at their own

risk. The disadvantages of this alternative are that it might take

large sums of taxpayers' money to pay for the damage or loss below

the high water mark for which the Government is not currently liable.

Since this course of action is beyond current authorities,

appropriate legislation would have to be enacted.

Fourth Course of Action - One-Time Erosion and Structural Damage

Cempensation as the Government Can o' 'wil Accept Below the Ordinary

High Water Mark: Currently. iefusal to compensate for damages above

the ordinary high wat . mark would be contrary to the Federal Tort

Claim Act and the Fifth Amendment. Under this course of action, the

Government could compensate riparian owners for damage suffered or
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soil lost on a one-time basis following a designated Extended Winter

Navigation-Season. This one-time compensation would provide for

permanent repair or replacement of damages. Subsequently, both

present owners and future buyers would be put on notice that expense

of repair for further structural damage or erosion would be borne by

the individual without Government assistance. All property owners

would be encouraged to take adequate measures to protect their

property during future winters. The advantages of this course of

action include a reduction of Government cost by eliminating

repetitive claims while, at the same time, providing fair relief for

the land owners affected adversely by the new program. However,

after the first year, residents will be forced to take steps to

protect their property and, if a loss incurs in spite of their

efforts, it would be at their own expense. Disadvantages of this

course of action are that if the compensation for loss or damage

below the ordinary high water mark is suggested, this would be

contrary to current doctrine but could possibly be included in the

project authorization. On the other hand, this course of action

appears to strike a fair balance between the Government's desire to

Zj economize and the property owners' hope to have their losses

mitigated.

Fifth Course of Action - Provision of Tax Incentives: The

Government could provide a tax credit or tax deduction to all those

riparian land owners that spent sums of money to either protect their

land from erosion and/or to appropriately reinforce structures in the

water to withstand additional stress resulting from the Winter

Navigation Program. Publications such as the Corps of Engineers

already puts out and/or local meetings sponsored by Government

agencies could provide riparian owners with information about what

the program could do to their property and the best means those

owners can use to protect themselves against damage and loss.

Property owners could use the documented costs to themselves for
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shoring up their land or strengthening their structures as the

guideline for appropriate tax credit or tax deduction to which they

would- be entitled. It should be noted that this does not change

liability for damage and loss occurring above the ordinary'high water

mark (which remains with the Government). The advantages of this

course of action are several. Rather than providing monetary relief

for repetitive repairs that would occur in some courses of action,

this incentive program would encourage riparian owners to deal

effectively with a new Winter Navigation Program. The Winter

Navigation Program, if authorized and successful, would most likely

be permanent in nature, having a great impact on the national

economy. Therefore, it would appear appropriate to cope with its

effects. The tax incentive would spread the cost of the program

among all citizens, which would -seem fair, as all benefit from

year-round navigation will also be spread to the national economy.

The disadvantages of this course of action are that a tax credit or

tax deduction may be unduly expensive. This course of' action might

be successfully coordinated with the fourth course of action

described above. After the Government compensates for a one-time

damage claim, the tax credit or tax deduction could encourage

residents to expend the necessary funds to reinforce structures and

land and to bear the expense for future damage which may occur in

spite of precautions taken to secure property. As a further

derivative, such tax credits could be designated to only apply to

shore erosion, since all new structures being permitted in the

waterway could contain a condition placing responsibility for damage

on the permittee. This would further limit the cost to the

Government.

Sixth Course of Action - Federal Insurance Program: The

Government could sponsor a Federal Insurance Program similar to Flood

Insurance Programs for the benefit of riparian ra~idents. An

appropriate study program could be utilized to determine which
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property owners could suffer adversely. These owners would qualify

for the insurance protection. The advantage of this proposal is that

residents would have a relatively inexpensive means of protecting

themselves against ice damage, especially since :private insurance may

be difficult to obtain. On the negative side, however, this proposal

would not encourage property owners to take steps to protect

themselves unless the availability of insurance is conditioned- upon

implementing designated precautions. Alternatively, all affected

people might be able to obtain coverage, but those individuals who

have taken special precautions could receive reduced rates. It is

possible that this course of action could be successfully coordinated

with either the fourth or fifth courses of action, or both.

These first six courses of action may be grouped as possible

solutions which are compensatory in nature. The four courses of

action that follow may be seen more in terms of being preventative

measures. Course No. 7 offers preventative measures in the form of

structural alternatives; Nos. 8-10 provide non-structural

preventative options. They spell out actions which can be considered

at any time, regardless of decisions taken with respect to the first

six courses of action described.

Seventh Course of Action - Federal Protection of High Risk Area:

Studies currently underway indicate that certain areas of the

connecting channels may be subjected to erosion or structure damage,

no matter what level of non-structural preventative measures
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(see Courses of Action 8-10which follow) are taken. Therefore,

these areas may requir Federally supported protection if winter

navigation is to be imp2-amented.

A number of alternative solutions were investigated to determine

the best ways of alleviatfng shore erosion and structure damage,

They include: 1) broken rock shore protection; 2)'Gabion

basket/blanket structures; 3) concrete/steel walls; and 4) artificial

nourishment, or replacement of shore material. For the specific

protection of structures, pile clusters or the development of

removable structures may serve the purpose. Ultimate solutions in

the various affected areas would depend on site specific

characteristics.

4 Eighth Course of Action - Vessel Speed Regulation: Several

' encies hive studies underway that indicate that one of the most

effective means of preventing shoreline erosion and shore structure

damage is the regulation of vessel speeds. In most cases, vessel

speed reductions would not be required, but adherence to existing

speed limits would be more stringently enforced. The primary

advantages may be the minimization of damages. The main disadvantage

may be the increased cost of vessel speed monitoring which would be

borne by the U.S. Coast Guard under existing mission authority.

Ninth Course of Action - Regulation of Vessel Movement Through

Unstable Ice Fields: An effective means of preventing the

substantial shoreline and bottom scour that may result from ice jams

is to regulate vessel passage through unstable ice. fields. Vessels

would be temporarily halted during critical ice break-up periods when

it appears imminent that severe damage would result if shipping

continued. The primary advantage is the prevention of damage. The

primary disadvantage is the cost of a temporary halt in navigation to

shipping interests. The decision to temporarily halt or reinstitute

navigation rests with the Operational Coast Guard Commander.
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Tenth Course of Action - Vessel Route Regulation: Another

effective means of preventing shoreline erosion or shore structure

damage would be vessel route control. This would include both the

detei ination and designation of the vessel route, where possible,

that would ameliorate erosion and also the restriction of random

alternate routes which would result in multiple tracks in the ice

cover where only a single track could handle the vessel traffic and

not result in transit delays. This is important in an area such as

the western end of Lake Erie, where ships could unnecessarily disturb

the ice cover if each vessel took an individual route to ports along

the southern shore. The primary advantages are the elimination of

undue disruption of ice cover, and better allocation of Coast Guard

icebreaking resources. The primary disadvantage would be minor

adjustments to vessels' traffic routes, based upon needs.

Discussion: The first alternative, total Government

responsibility, would be extremely costly, contrary to current

policy, and would well be considered too repetitive for the

Government to implement. The second course of action, the current

situation, has not--as evidenced by the public forums and meetings on

the Season Extension Program accomplished throughout the system--met

the needs of the local residents when there are acknowledged

liabilities to riparians because of the Season Extension Program.

The third course of action, a one-time compensation to permanently

prevent erosion below the ordinary high water mark, has the advantage

of potentially satisfying the needs that have been mounting because

oZ the Demonstration Program. The main disadvantages include: the

possible high cost of this alternative; it applies only to erosion;

and it is contrary to current policy and doctrine. As already

mentioned, the fourth course of action, a one-time compensation for

permanent repair or replacement for as much damage below the ordinary

high water mark as the Government may wish to accept while putting

the land owners on notice that any future loss would be borne by
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owners, may seem to strike a fair balance among alternatives. It

also covers structural damages. It, however, has the same

disadvantages as its predecessor. The fifth course of action,

providing tax credit or deduction if implemented totally and alone,

may well be costly and repetitive. However, if the fifth were

combined with course of action four, a one-time compensation and the

tax creditor tax deduction limited only to shore ero3ion (since it

seems fair that once put on notice, riparians should be responsible

for placing a suitable structure in the waterway that could withstand

Season Extension activity) could provide a fair balance and yet

overcome any disadvantages that a one-time compensation might not

take care of. The sixth course of action, provision of insurance

somewhat similar to Flood Insurance, could be utilized if appropriate

legislation is passed. However, this type of effort might be

difficult to administer. It would have similar disadvantages to

those of the Flood Insurance Program. The seventh, eighth, ninth,

and tenth alternatives offer very desirable effects at a relatively

low cost. Consequently, this group of alternatives, directed toward

preventative action, would probably be implemented concurrently with

other selected alternatives.

Conclusions: Upon evaluation of various courses of action, it

appears that a one-time compensation on the part of the Government,

for erosion and structural damage below the ordinary high water mark,

best balances the incompatible interests concerned. After permanent

improvements (repair or replacement) for protection are made,

riparian owners would then assume responsibility for any future

losses that might be incurred (i.e., navigable servitude would then

be invoked). The objective achieved by this possible course of

action would be the reduction of Government cost by eliminating

repetitive claims while, at the same time, providing fair relief for

the land owners affected adversely by this program.
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It should be noted that because of dominant servitude of the
Government, the Government is-not liable for any damage resulting to

property below.2the ordinary-high water mark and, therefore, no
compensation can be given to: riparian owners. Newenabling

legislation-would be needed to change this current policy.

The Government cannot immunize itself from liability for damages

caused above the ordinary high watermark, and this situation would

continue.

The costs of a compensation scheme would be substantial,

depending in part on a final analysis as to which specific shoreline

areas are particularly sensitive to the effects of extended season

operations.

The preventative measures that can be taken to reduce shore

erosion are an important element in plans to minimize the negative

effects of an extended navigation season. Federal protection of

environmentally high-risk areas, vessel speed control, vessel route

regulation, and the regulation of vessel movement through unstable

ice fields are viable ways of sharing the responsibility for

minimizing negative effects associated with shore erosion and shore

structure damage.

c. Cross Channel Transportation

The third type of winter navigation related effect is

interruption of cross channel transportation, which stems from ice

clogging ferry docks and disrupting services, and from vessels

causing a broken ice cover in channels which prevents cross channel

transportation over the ice. Areas subject to ice clogging of the

ferry docks are Sugar Island and--as claimed by residents--Drummond

Island on the St. Marys and some ferry crossings along the St. Clair

B-89



t River. Areas subject to vessel tracks disruptig- f6ot travel or

vehicle transportation are Lime Island's winter route,- and Drumhmoid

Island!s secondary winter route in the St. Marys River, as well as

the area in and around Grindstone Island in the St. Lawrence :River.

Solutions proposed for the St. Marys River are suited to each

island's particular situationz ;F6r Sugar Island, ice stabilization

measuroes -and an ice navigation boom, and the diversion of the sewage

treatment outlet to the mainland dock are being recommended. The

solution recommended for Lime Island is the continued operation of an

airboat being recommended for one-time purchase at Federal expense

under the March 1976 Interim Feasibility Report. At Drummond Island

no modifications are recommended based on studies conducted during

the Demonstration Program, however, further monitoring would be done

and should there be impacts attributable to extended season

operations identified, mitigation measures would be considered. At

Grindstone Island in the St. Lawrence River, the provision of a tug

with icebreaking capt.bility is the recommended solution for

maintaining access directly between the island and Clayton, New York.

For each connecting channel where problems might occur, contingency

plans have been or would be developed to assure transportation in

emergencies and to provide reasonable means for handling delay

situations. Even though, until the winter of 1978-79, no impact was

claimed or predicted on St. Clair River ferries, legitimate impacts

will be investigated and appropriate preventative or mltigative

actions considered.

d. Occupational Groups

Four occupational groups (vessel, terminal, lock, and pilot

personnel) have been identified as being directly affected by winter

navigation activities. The effects on these groups are basically two

types: individual safety and comfort, and the "psycho-social"

effects of extended navigation season (morale, family relations,

etc.), These effects occur on all vessels which operate throughout

the system during the extended season, at all terminals receiving
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extended season traffic, and at the Locks operating during the

*extended season period. :A"sociological-assessment survey" conducted

bythe Department of Commercei Maritime;Administration, contained

recommendations concerning the improvement of cold weather clothing

for affected personnel, use of volunteers for extended season

operations whenever possible, a vessel monitoring and -reporting

system, and other improvements that would be equally suitable for

winter or summer operation.

The potential and long-term social effects of winter navigation

were identified through public meetings, interviews, and -physical

proximity to proposed winter navigation routes. These potential

-effects of winter navigation need to be monitored on a region-wide

basis. A demographically based monitoring study utilizing the

social well-being account" methodology is proposed for the advanced

engineering and design stage. The study would monitor selected areas

throughout the region and document the gross social effects of

extended season operations on various types of communities and

occupational groups. The results of the monitoring program would be

a part of future environmental statements and validation reports.

Risk

It should be recognized that some risks are associated with

navigation season extension. Without full implementation of

operational measures, the risk of ice jamming and subsequent flooding

would increase. Icebreaking assistance, improved aids to navigation,

air bubbler systems along constricted areas of navigation channels,

ice control structures, and real time data collection and

dissemination systems are examples of improvements which are designed

to make operating easier in the system during the winter months and

reduce the element of risk. Other risks, such as oil spills, crew

safety, etc., are being analyzed, and measures are being recommended
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to, reduce such risks or reduce the potential damage. Areas already

partially addressed are shipment-of hazardous substances, crew and

vessel safety, and vessel operating capabilities. 'Long-term risk to

the ecosystem is being comprehensively addressed- in the previously

mentioned Environmental Plan of Action.

In June 1972, the Great Lakes and St. Lawrence Seaway Study -of

Insurance Rates was prepared by the Maritime Administration, U.S.

Department of Commerce, in accordance with Section 107(c) of P.L.

91-611. This study detailed the physical risk, risk management and

insurance costs attendant to an extension of the navigation season.

The study also examined the factors that inhibit an extension of the

season together with methods of countering these factors and

legislative recommendations to implement a government program to

provide marine insurance. The results of the 1972 report were

updated in June 1979. The conclusions of this update indicate that

insurance rates did not and would not inhibit season extension.

Levels and Flows

The Levels and Flows Study prepared for this report describes the

hydraulic characteristics of the Great Lakes-St. Lawrence system with

particular emphasis on ice formation, roughness and thickness and

their effects on levels and flows. It includes a discussion of these

conditions in relation to present conditions and the possible impact

that changes in these conditions (as a result of movement of vessels

through the ice) may have on the levels of the Great Lakes and flows

in the Connecting Channels and St. Lawrence River.

It should be noted that the calculations presented in this report

are not to be considered as a prediction of possible impacts but do

show the extreme conditions for a hypothetical range of impacts.
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Description of the Problem

I (9The levels of the Great Lakes reflect the total supply of water

to the lakes and that which flows out through their outlet channels.

Since these channels are presently subject to blockage or retardation

due to natural ice movement, anything which affects this natural

process couldi in turn, impact on the systems levels and flows.

Since significant navigation historically ends by mid-December,

extension of the season could have an effect on these ice formation

and break up processes. The extended season could cause the ice to

be rougher and/or thicker, thereby increasing retardation, or

measures may be introduced to stabilize the ice cover, and thereby

reduce or eliminate ice retardation. In either case, the effect of

these changes must be evaluated and mitigative measures proposed

where impacts are identified. The proposals in this report assume

potential water level impacts and include compensating works in the

St. Clair-Detroit Rivers.

Study Input

The basic data employed in this Levels and Flows Study are listed

in Appendix I. The majority of the basic data originated from the 7

December 1973 Report of the International Great Lakes Levels Board to

the International Joint Commission (IGLLB), which was extended

through 1978 for use in this study. The hydraulic and hydrologic

conditions for the system a. consistent with the relationship

employed in the above study and those currently in use by the U.S.

Army Corps of Engineers.
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Approach to Determining Impacts

Sifce Lake Superior is regulated, the probable impacts on that L
lake and its outilet river-, the St. 'Marys, were determined from an
examination of the Demonstratijn Pr6gram which has existed on that

system since 1972.

To analyze the effect of movement of vessels through the ice
fields In the connecting channels and the St. Lawrence River, it was

hypothesized that the carrying capacities of these channels (under

ice conditions) would either be improved or be further hindered due

to changes in ice conditions. To measure the theoretical maximum

impact of this possible variance on the systems levels and flows, the

historic ice retardation values for the St. Clair and Detroit Rivers

were varied from total elimination of all ice effects

(0% retardation) to that of doubling the effect (200% or twice that

which was experienced). Although this range in effects was selected

for the study, it is not to be implied that actual effects could ever

reach these proportions. The results of these variations in ice

retardations were converted to impacts on levels and flows by routing

these changes in water supply through the system for the 1960-1978

period (the current 27 foot project depth for the Great Lakes-St.

Lawrence River system).

Since Lake Ontario is regulated, maximum probable impacts were

determined for possible changes in ice thickness and roughness on the

St. Lawrence River.

Where possible impacts on levels and flows were identified,

remedial measures have been developed.
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Impacts And Mitigation Measures

Based upon actual observed conditions on the St. Marys River, and

'i mathematical analyses performed during the Navigation Season

Extension Demonstration Program, extension-of the navigation season

has been determined to have no appreciable impact on the levels and

flows of Lake Superior or the St. Marys River.

The possible impacts on Lakes Michigan-Huron, Erie ana Ontario

resulting from extending the season to 12 months might hypothetically

range from one extreme of total elimination of ice retardation on the

St. Clair and Detroit Rivers to the other extreme of doubling the

historica), ice retardation on these rivers. Neither extreme is seen

as realistic, and the truth lies somewhere between them.

-The theoretical impacts in terms of changed water surface

elevation in any one month, resulting from the elimination of all ice

retardation on the St. Clair and Detroit Rivers, are shown below:

Lake Lake Lake Lake
Superior Michigan-Huron Erie Ontario

Maximum 0 -0.29 feet 40.44 feet
Difference

Maximum 0 -0.16 0 0

Minimum 0 -0.22 0 40.07 feet

Average 0 -0.18 +0.02 0
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The theoretical impacts of doubliifg -the 46e retardation on the

'St. Clair and Detroit Rivers are shown below:

Lake Lake Lake Lake

Superior Michigan-Huron Erie Ontario

Maximum 0 +0.30 feet -0.47 feet
Difference

Maximum 0 40.17 0 0

Minimum 0 40.22 0 -0.16 feet

Average 0 40.18 -0.02 0

Impacts on the St. Clair and Detroit Rivers may occur because

changes in the ice retardation on the St. Clair and Detroit RiversI; could effect the natural discharge relationships which prevail. This
could create changes in the water levels and outflows of Lakes

Michigan-Huron and Er,. Changes in the outflow of lake Erie due to

a change in Lake Erie levels could result in impacts on the Lake

Ontario water levels and outflows.

To restore the flows of the St. Clair and Detroit Rivers to what

they would be, assuming total elimination of ice retardation, would

require that a flow retarding structure be placed iri cAch river.

These structures, if necessary, would be locdted at Stag Island in

the St. Clair River and at Peach Islpnd in the Detroit River, and are

described in the Proposed Plaa Description section, with costs

identified in the vesign and Costs section of this report.
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Mitigation for the impacts of above normal ice retardation on the

St. Clair and Detroit Rivers has not been identified because, if the

extended navigation season is contemplated, it hasbeen proposed that

.ice, control strudtures- be placed' at, the head of- both- rivers. These

structures would reduce the natural ice retardation by tending to

hold floe ice and. reducing the probability of ice jamming and

flooding in these rivers and would, therefore, preclude the

possibility of above normal ice retardation.

As noted above, consideration is being given to placing some form

of ice control structures at the head of the St. Clair and Detroit

Rivers. These structures would tend to reduce the natural ice

retardation on these rivers and--depending on conclusion of ongoing

studies--might require a remedial structure be placed in both the St.

Clair and Detroit Rivers to offset the effects of the reduced ice-

retardation. The precise impacts of the ice control structures on

the river ice retardation are not known at this time. However, a

physical model is being developed which should be able to further

define the actual impacts. These Impacts would lie within the range

identified for eliminating ice retardation and would be incorporated

into the planning and design during the post-authorization stage.

The 10 month use of the Welland Canal could result in additional

lockages occuring in the winter and could result in an ultimate

lowering of Lake Erie by less than 0.1 foot. This impact could be

offset with a reduction in the average monthly flow through the

Welland Canal of approximately 100 cfs throughout the traditional

navigation season.

As part of the examination of possible impacts of winter

navigation on Lake Ontario and the St. Lawrence River, a theoretical

computation was made to determine the impact of changes in river ice

thickness and roughness and the occurrence of hanging ice dams.

However, it should be noted that dredging and/or ice control in the

St. Lawrence River could eliminate or greatly reduce these impacts.
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For a 10-m6nth navigationseason, ice control' structures could

reduce chaiges in ice roughness and. thickness in the St. Lawrencei

River as a result 6f winter navigation. Without these measures, a

sensitivity analysis, which tested'the theoretical impacts of changes

in the St. Lawrence River ice roughness and thickness, showed that as

the undercover of the St. Lawrence River ice 'became rougher', the

ability to flow water through the ice covered channels is hampered

and, therefore, the water level profile is lowered. The results also

showed that increasing the uniform river ice thickness from 12 inches

to 24 inches and holding the Lake Ontario water level and the St.

Lawrence River flow constant reduced the water level at Lake St.

Lawrence by as much as 1.34 feet. However, it should be noted that

limited model tests made in connection with the Demonstration Program

indicated that winter navigation would. not appreciably impact ice

roughness. This is due to the small area affected by vessel transits

when compared to the total ice surface.

,Ice control could structures also reduce or eliminate the

possibility of the occurrence of a hanging ice dam in the St.

Lawrence River. The elimination of the hanging dam constriction is

necessary to allow for navigation in that river. An evaluation of

the theoretlcal impacts of an occurrence of a hanging ice dam without

the proposel'ice control changes showed a reduction in the Lake St.

Lawrence water level by as much as 2.45 feet below what it would have

been under normal river ice cond .tions.

Institutional

The detailed recommended plan presented at the conclusion of the

planning process is to be capable of being implemented based on its

institutional and technological feasibility. The purpose of this

section is to discuss the structure and composition of a body to

superintend and guide the effort to extend the navigation season on

the Great Lakes-St. Lawrence Seaway.
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Background: The Winter Navigation Board was established by a

Memorandum of Understanding, dated 16 November 1971, entitled "Great

Lakes and St. Lawrence Seaway Navigation Season Extension

Demonstration Program". The U.S. Army Corps of Engineers, Maritime

Administration, U.S. Coast Guard, St. Lawrence Seaway Development

Corporation, National Oceanic and Atmospheric Administration,

Environmental Protection Agency, Department of Interior, and Federal

Power Commission agreed for the Board to superinteid the actfLi-tes

* of Section 107(b) of the 1970 River and Harbor Act (Public Law

91--611), which provides for the entities included on the Board to

undertake a program to demonstrate the practicability of extending

the navigation season on the Great Lakes and St. Lawrence Seaway.

The Winter Navigation Board has functioned, since its inception, to

accomplish its charge, as given by the Congress. Additionally, the

Board has provided advice and guidance to the U.S. Army Corps of

Engiheers in the accomplishment of this survey study as authorized by

Section 107(a) of the same Act. Since the Charter and reason for

existence of the Board expires with the conclusion of the

demonstration program's authorizing legislation on 30 September 1979,

some transition group, as a replacement for the Winter Navigation

Board, would be de-sirable to continue to provide advice and guidance

to the Corps of Engineers in pursuit of its survey program. More

importantly, if and when enabling legislation is passed to proceed

(at fuil scale or a reduced scale) with a Season Extension Program,

some body--similar to the St. Lawrence River Joint Board of Engineers

of Canada and United States which guided the construction in the

1950's of the St. Lawrence Seaway -- would be required to superintend

and guide the planning, environmental investigations, design,

construction, and possibly initial operation of the extended season

program on the Great Lakes-St. Lawrence Seaway,

B-99



Need: In summary, if and whenenabling legislation is p4ssed to

provide the means to extend the navigationEeason on the Great
Lakes-St. Lawrence Seaway, a superintending body would be required to

plan, coordinate, and accomplish the effort. This-body could and

should be established in any such enabling l6gislation.

Additionally, since the Charter of the current Winter Navigation,

Board runs out 30 September 1979, a transition group is being

established to provide advice and guidance to the Corps of Engineers

and other Federal agencies as the Corps completes its survey effort

so as to provide the coordinated input of the diverse groups which

the current Winter Navigation Board embraces, and to provide guidance

to Agencies performing its ongoing operation responsibilities.

Options: In looking at what options might be available to

provide the superintendence and guidance of the season extension

effort, one is quickly led to the success of the St. Lawrence River

Joint Board of Engineers of Canada and United States which

superintended the construction of the St. Lawrence Seaway during the

1950's. This Joint Board consisted of four members, two U.S. and two

Canadian. The two members for the United States were the Secretary

of the Army (whose alternate was the Deputy Chief of Engineers) and

the Chairman of the Federal Power Commission. The U.S. portion of

the Joint Board, as was the Canadian, was also served by a U.S.

Section on-site, headed by a civilian engineer and such staff of

civil engineers, hydraulic engineers, foundation engineers, and

administrative personnel, as appropriate. In revie ing functioning

and workings of the St. Lawrence Joint Board, it became apparent that

some of its strengths were the relationship of its members to the

needed interests at that time, the location of its members and

alternate members within the Federal Capitals, so as to facilitate

the coordination and decision-making, and--not the least--was the

smallness of its size, two members only for each Nation.
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These favorable characteristics of the St. Lawrence Joint Board

are import nt t6consider when presenting options for the 'cmp6ition

L of a joint board in- the future to oversee extended season navigation.

One option is to keep the number of members to something near the

size of the successful St. LAwrence River Joint Board, remembering

that Canadian participation needs to be allowed for (see Option One

shown on Plate B-3). Other agencies and bodies which have

participated on the present Winter Navigation'Board would have

important contributions to make as associates to the future board,

Associates would have specific responsibilities for advising the

board in their respective areas of expertise. They would continue to

participate fully in providing input on issues to be considered by

the board.

Options Two and Three, shown on Plates B-4 and B-5, respectively,

increase the number of members on a future board (from four full-time

U.S. members in Option One, to five in Option Two, to seven in OptionI Three), while the number of associates are correspondingly reduced.

In all three options, non-governmental entities, such as industry

end labor representatives and private citizens would function as

advisors to a future board. As these are the people and

organizations most directly affected by extended season operations in

the field, their direct involvement in the consideration of issues

would continue to be essential.

Discussion:

a. Option One: Option One provides the smallest size U.S. Board

that should be capable of reasonably quick action, has balance

between transportation and environmental interests, and has the depth
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JOINT BOARD OPTION NO1

PRESENT FUTURE
* WINTER, NAVIGATION-C

BOARD JOINT BOARD

M0EBES U. S. CANADA

DA (COE) D
'DO I

DOC (MARAD) DOT
DOC (,NOAA) ST.. REP**

DOE (FERC)

DO I (FWLS)

DOT (CG)
*DOT (SL',*DC) ASSOCIATES'

EPA DO C

GL REPDO

GLC EPA

GLBC GLC
GLB C

ADWtSOR *(LtNDUSTRY)

ADVISOR (LABOR) -~ADVISORS

8 GL REPRESENTATIVES
INDUSTRY
LABOR

OBSERVERS CONCERNED CITIZENS
DOS OBSERVERS J

(SLSA)
(CAN CG) OPERATING SECTIONS

TECHNICAL U. S. CANADA
ADVISORS

NASA

*APPOINTED BY ADVISORY GROUP

**REPRESENTS ALI. GL STATES

FOR UPPER FOUR LAKES-MICHIGAN
FOR LAKE ONTARIO AND ST'. LAWRENCE RIVER-NEW YORK

PLATE B-3
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JOINT BOARD OPTION NO. 2

* ( PRESENT FUTURE
WINTER NAVIGATION JOINT BOARD

BOARD
MEMBERS U, S. CANADA

DA
DA (COE) DOC

DOIDOC (MARAD) DOT
DOC (NOAA) ST REP**

DOE (FERC)

O DOI (FWLS)

DOT (CG)

DOT (SLSDC) ASSOCIATES

EPA DOE
GLRE *DOS

GL REP EPA
L GLC

GLC GLBC

GLBC
m*

ADVISOR (INDUSTRY) ADVISORS
A S *(LABOR) 8 GL REP'S

INDUSTRY
LABOR
CONCERNED CITIZENS

OBSERVERS
IOC OBSERVERS;.D O S I JCI CANADI.N(~SLSA)

(CAN CG)
TECHNICAL OPERATING SECTIONS
ADVISORS U., S. CANADA

NASA

APPOINTED BY ADVISORY GROUP

** REPRESENTS ALL GL STATES

FOR UPPER FOUR LAKES-MICHIGAN
FOR LAKE ONTARIO AND ST. LAWRENCE RIVER-NEW YORK

PLATE B-4
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JOINT BOARD OPTION NO. 3

PRESENT FUTURE
WINTER NAVIGATION JOINT BOARD

.BOARD

MEMBERS U.S. CANADA

I DA
DA (C E DO C

DOI
DOC (MARAD) W DOT
DOC (NOAA) EPA

DOE (FERC) GLCST REP**

DO] (FWLS).

DOT (CG),
DOT (SLSDC)

EPA ASSOCIATES
GL REP DOE

GL GLBC
DOS

GLBC
ADVISORS

ADVIISOR (INDUSTRY) 8 GL REP'S
INDUSTRY

ADVISOR (LABOR) LABOR

CONCERNED
CITIZENS

OBSERVERS OBSERVERS
IJCIIJC

DOS
CANADIAN

(SLSA)(CAN CG) OPERATING SECTIONSU.S. CANADA
TECHNICAL
ADVISORS

NASA

* APPOINTED BY ADVISORY GROUP

*, REPRESENTS ALL GL STATES

FOR UPPER FOUR LAKES-MICHIGAN
FOR LAKE ONTARIO AND ST. LAWRENCE RIVER-NEW YORK

PLATE B-5
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and capability for receiving the views of the many diverse interests,

via its associates, advisors, and observers. 'The grouping of

agencies 'and groups into week-to-week acting members, associates,

advisors, and observers in no way shoud: inhibit the exchange of

information and input of each of the groups into the Joint Board

effort. In fact, each of the groups listed has a vital part to play

in any successful accomplishment of a season extension program. One

of the four permanent members -o the U.S. section of the Joint Board

under Option One would be a state representative. Specific requests

'have been made by the States of Michigan and New York to assure their

representation on- such a Board- when matters under their jurisdiction

come under consideration. It is proposed that a representative from

Michigan serve in the capacity of state representative when matters

concerning the upper four Great Lakes are to be considered by the

Joint Board, and that a New York representative serve in this

capacity when issues relating to Lake Ontario and the St. Lawrence
1River are discussed.

b. Option Two: Option Two includes a five-member, U.S. portion

of the Joint Board and the additional interested agencies, groups,

and persons as associates, advisors, and observers. The advantages

and disadvantages of this option are similar to those of Option One,

with this exception: the week-to-week acting membership includes a

total of five. The advantages of this option over Option One are

that a more diverse set of interests is represented in the

week-to-week relationships. Conversely, the disadvantage is that a

larger group of people need to be contacted on each and every minor

decision concerning the program. Some might feel that the input by
these members could well take place whether they were on the

week-to-week effort or within the context of associates to the

program.

c. Option Three: The Third Option, as diagrammed in Plate B-5,

would reconstitute the U.S. portion of a future joint board with

seven voting members. Most of the diverse interests now accommodated

by the present Winter Navigation Board would have a full
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representation in any of the ongoing activities that take place in

-he system. A drawback in enlarging formal participation to such an

extent is the dtfficulty of effectively moving a program ahead when

"decision-by-committee" procedures predominate. It is.also possible

that some members will be less interested in many topics than other

members will be, with the result that the decision-making process may

{ drag on without improving the quality of final decisions.

A d. Additional Comments: These options provide a wide range of

choices for any Joint Board and almost any intermediate selection

could be made. The key criteria for establishing the Board should

continue to be the ability to guide and superintend the program with

reasonable speed of decision-making while providing for the access of

important interests. Under any of the Options, all of the groups, be

they associates, advisors, or observers, have an important role to

play to provide their input into the decision-making process. Since

it could be felt that all three Options provide the input and access

needed, while Option One provides the best structure for timely

decision-making and least cost to the governmental operation, this

Option is most favored. Of course any solution would also make

maximum use of the authorities already vested in the two seaway

entities to make improvements.

e. Working Body or Section: Regardless of what the Joint Board

looks like under Options One, Two or Three, it is anticipated some

sort of operating section would be established ow-site to handle the

immediate and hour-to-hour functions of the Joint Board. Such an*

operating section might be organized as shown on Plate B-6, where one

sees both the U.S. and Canadian operating section, each with a chief

and staffed as required. During the 1950's, the operating section of

the St. Lawrence River Joint Board of Engineers of Canada and United

States was composed of a chief and up to six or seven additional

personnel as the workload required. It is believed sections similar

to these would need to be established to handle all the engineering

and planning, and the environmental investigations and operations, as
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( JOINT BOARD OPERATING SECTIONS'

U. S.

CHIEF,
STAFF AS REQUIRED

CANADA

I I PLANNING &I
I OPERATIONS I ENGINEERING & I IENVIRONMENT

I 'CONSTRUCTION I I
L L-------

AS NEEDED IAS NEEDEDI

PLATE B-6
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these:;surfaced. It is assuied that subsections established on an ad

hoc basis, similar to those depicted in Plate B-6, would be required

and could be established and curtailed as needed. Sometime during

the life of the operating sections it Is assumed, now, that there

would have to be a construction and operations entity, an engineering

and planning entity, and an environmental entity to accomplish the

ongoing work of the Joint Board. The authorization for such

operating sections is a necessi*y, but the detailed organization and

sub-organization should be left to the Joint Board to provide the

Board sufficient flexibility to best accomplish its mission.

Once transportation system improvements have been completed, and

methods developed and proved in facilitating extended navigation

season operations, a future U.S. section of the Joint Board would

submit a final validation report on the program to Congress. At that

time, it it expected that the Board would be disestablished, its

mission of organizing and developing the program having been

accomplished. Participating agencies could subsequently monitor

extended season operations as a normal part of their operations.

Transition Group: The Winter Navigation Board in its final

official meeting 6-7 August 1979, under the Charter of the Memorandum

of Understanding, resolved that an Interim Winter Board be

established and that it function under a memorandum of agreement of

the principal responsible agencies at field operating activity level

previously identified.

In this action, the Winter Navigation Board recognized a

responsibility to the public and to private interests to provide a

continuing forum for matters pertaining to extended season navigation

on the Upper Four Great Lakes and a coordinating mechanism in the

interest of supporting navigation and energy conservation needs and

in addressing related social and environmental concerns.
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Consistent with the apparent intent of the Congress, as indicated

( in an amendment to the Committee Print of HR4788, Section 121, the

Winter Navigation Board also resolved that an Interagency Task Force

be established to support the Interim Winter Board z matters

relating to environmental and ecological effects.

The Winter Navigation Board further and finally resolved that all

members and observers of the Winter Navigation Board be invited as

observers to the operations of the Interim Winter Board and the

supporting Interagency Task Force.

On 23 October 1979 an Interim Winter Board was formed based on a

Memorandum of Understanding signed on that date by representatives of

the U.S. Army Corps of Engineers, U.S. Coast Guard, a State

Representative - Michigan, Great Lakes Commission, and

representatives from Industry and Labor.

The Memorandum of Understanding stated that the purpose of the

parties to the agreement, in the absence of other enabling

legislation, and in accord with existing authority, was to establish

an Interim Winter Board to coordinate winter navigation season

closure determinations and potential agency programming actions, and

provide a forum for keeping the public informed of winter navigation

activities.

The term of the Memorandum of Understanding will continue in

force for one year or until supplemented by Congre~sional resolution

or legislation, whichever comes first.
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Coastal Zone Management

The Great Lakes Coastal Zone is dlefined by lakeward ,and landward

boundaries. By Federal definition, lakeward- coastal area includes

all submerged lands, waters and islands of the Great Lakes and

connecting waterways, to the State or International boundary in. the

lakes or channels. The landward coastal area extends inland to

encompass resources and resource using activities which influence or

are influenced by the coastal area in both a direct and significant

fashion.

The Department of Commerce is authorized to make grants to

coastal states to assist in the development and administration of

coasial zone management programs (Coastal Zone Management Act of

1972). The purpose of this legislation is to provide effective

protection and economically and environmentally sound development of

coastal zones. Once a State has formulated a program of coastal zone

priorities, uses, and a system of legal controls for enforcement, it

must be approved by the Department of Commerce. Once an approved

State program is in effect, every applicant for Federal license or

permit for an activity in the coastal zone must furnish a

certification from the State that the proposed activity complies with

the State's coastal zone management program.

Plans and activities under an extended navigation season program

would be prepared so that conformity with the goals and objectives of

the Coastal Zone Management Act is achieved. Coordination with State

coastal offices is necessary for all projects which may affect the

coastal zones, including the navigation season extension program.

This coordination is effected through the Environmental Impact
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Statement procedures with State Departments of Natural Resources. At

present, only two of the eight Great Lake States (Michigan and

Wisconsin) have approved coastal zone management programs. In this

pre-operational phase of the project, since design and construction

operations are not definitively known, consistency with individual

states' CZM programs cannot be determined. However, under the

Adaptive Methodology, the impacts on specific coastal areas would be

assessed once they were identified in the detailed plans and

specifications. Navigation season extension may affect areas of

concern to States' coastal zone management, including:

a. Sensitive shoreline areas along the coastal zone (erosion and

flood prone areas, wetlands, sand dunes, and islands);

b. historic and archaeological sites, and recreation areas;

c. port and harbor areas (intensive use areas, coastal lakes,

river mouths, bays, urban areas); and,

d. water and air quality issues, and effects.

Impacts of coastal energy activities are also a concern, especially

the transportation of oil, natural gas, and hazardous substances.

RECOMMENDED PLAN DESCRIPTION

This section presents a detailed description of the various

elements and improvements which are considered necessary to achieve

the study recommended plan 12-month navigation on the upper three

Great Lakes, up to 12-month navigation on the St. Clair River-Lake

St. Clair-Detroit River System and Lake Erie, and up to 10-month

navigation on Lake Ontario and the International Section of the St.

Lawrence River.

Results of engineering studies are displayed in the section of

Attachment 2 of this Appendix entitled "ENGINEERING STUDIES."
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Specifically, those system improvements and operational measures-

considered for implementation and necessary for extended season

operation on the entire Great Lakes-St. Lawrence Seaway system are:

a. Lakes - Connecting Channels - St. Lawrence River

1. Icebreaking-

2. Icebreaker Mooring Improvements

3. Vessel Traffic Control

4. Ice Data Collection/Dissemination Systems

5. Ice and Weather Forecasts

6. Aids to Navigation

7. Ice Control Structures

8. Air Bubbler Systems

9. Lock Modifications

10; Power Plant Protection

11. Dredging

12. Compensating Works

13. Shoreline Protection

14. Island Transportation Assistance

15. Connecting Channel Operational Plans

16. Water Level Monitoring

17. Vessel Speed Control and Enforcement

18. Safety/Survival Requirements

19. Vessel Operating and Design Criteria

20. Salvage Operations

21. Search and Rescue Requirements

22. Oil/Hazardous Substance Contingency Plans

23. Vessel Waste Discharge

24. Environmental Plan of Action

25. Pilot Access

26. Vessel Captain/Pilot Training
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L-. Harbors

1. Icebreaking

2. Ice Control Structures

3. Air Bubbler Systems

4. Aids to Navigation

Lakes-Connecting Channels-St. Lawrence River

Icebreaking

A vital part of extended season navigation is icebreaking support

by vessels with icebreaking capabilities to render assistance to

vessels whenever they are beset in ice or in need of assistance to

transit through the ice. The U.S. Coast Guard, with its Great Lakes

Headquarters (9th District) located at Cleveland, Ohio, has

traditionally provided that support; however, it has only been at

intermittent times when commercial vessels operating during the

winter have needed assistance.

Currently, thirteen (13) Coast Guard vessels are engaged in

icebreaking activities each year on the Great Lakes as part of the

Winter Navigation Demonstration Program. This total includes, two

Type B vessels which are the MACKINAW and a polar class breaker; six

Type C vessels which consist of four 140 foot and two 110 foot tugs;

and five Type D buoy tenders. The Type B icebreakers are capable of

breaking two to three feet of ice without backing and ramming. The

140 foot Type C vessels are specially equipped for icebreaking and

are capable of breaking 1.5 to 2 feet of ice without backing and

ramming. The Type D buoy tenders do not have significant icebreaking

capability.
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The Coast Guard's estimates of additional future icebreaking

vessel requirements for the recommended plan are a total of four Type

B and 20 Type C icebreakers. The areas of operation are:

Location Type B Type C

Western Lake Superior to the

Straits of Mackinac 2 -7

Lake Michigan - 2

Lake Huron, St. Clair and

Detroit Rivers, and Lakes

St. Clair and Erie 2 7

Lake Ontario and the International

Section of the St. Lawrence River 4

The major icebreakers (Type B) are deployed at strategic points

in the lakes along major shipping routes and in areas of heavy ice

concentration. These locations, along with Type C facilities, are

more specifically described in the following "Icebreaker Mooring

Improvements" Section.

During the summer months, these vessels would be used for search

and rescue, law enforcement, boating safety and maintaining aids to

navigation. It is for this reason that only 50 percent of the

capital cost of new icebreakers is apportioned to extended season

navigation.

Assumptions used in preparing the icebreaker requirements are as

follows:

a. The icebreakers needed are for 12-month operation on the

upper four lakes and in-month operation on Lake Ontario and the St.

Lawrence River.
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b. Normal (average) winter ice conditions.

c. Commercial shipping to be able to use ports dedignated byJU.S. Guad District Comma

d. Port icebreaking to be provided by port authority or shipping

companies.

e. Only vessels with a horsepower to length ratio of 4V ir

greater and properly designed, equipped, and strengthened for ice

Swould operate in- ice-bound areas.

f. Convoying would be practiced for all multi-ship movements (a

convoy will consist of not more than six vessels and one icebreaker).

g. No more than 12 hours of icebreaking per day per icebreaker.

h. Canadian port traffic would be handled in accordance with

Canadian winter navigation policy.

i. U.S. Coast Guard would provide icebreaking in the St.

Lawrence River from Lake Ontario to Massena, New York. Canadians

would maintain waterways below-Massenaand in the Welland Canal.

These icebreaker requirements are based on the assumption that

the shipping industry would improve the ice transiting capability of

their vessels (horsepower to length ratio in excess of 6:1) and that

icebreaking arsistance in harbors will be provided by commercial

icebreaking tugs. Under current programming and procurement

restraints, the Coast Guard would be unable to procure the number of

icebreakers called for before the mid-1980's. The base data used to

compile these estimates consists of vessel transit projections for

each area of the Great Lakes and the St. Lawrence Seaway. Commercial

icebreaking activities may significantly reduce the number of Coast

Guard icebreakers required.
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Cost estimates for icebreaking requirements, contained in Table

B-6of this Appendix, include fundihg for the repair of'Coast Guard,

vessels suffering damage while engaged in icebreaking 6perations.
This is considered a portion of annual operation and maintenance

costs.

A commercial fleet With adequate ice transiting capabilities, ice

control and ice management measures (such as booms, bubbler systems,

and harbor entrance modifications which are being proposed) plus

advances in icebreaking technology would also tend to reduce the long

term icebreaking vessel requirement projection.

A number of experiments have been conducted during the

DemonstratIon Program with non-conventional icebreaking techniques,

including saws, water jets, ice plows, and air cushion vehicles.

None of these devices have shown significant potential as an

icebreaking tool in the Great Lakes.

There are potential environmental impacts associated with an

increased use of icebreakers during an extended navigation season.

The propeller wash of deeper draft type "B" icebreakers cause strong

currents and an underwater accumulation of ice along both sides of

the track. The strong currents and ice buildups may have adverse

environmental impacts, such as redistribution of sediments, increased

turbidity, and possible resuspension of heavy metals and PCB's.

Possibilities for disrupting animal movement, increasing the danger

and limiting access to ice fishermen, and altering present water

current and circulation patterns also exist. Studies to determine

the impacts of these possibilities, and to develop mitigative

procedures, are recommended in the Environmeital Plan of Action

(EPOA).
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Icebreaker Mooring Improvements

Mooring facilities are currently provided for each Coast.Guaid

cutter involved in Icebreaking. Two changes have been required to

previously existing Coast Guard mooring facilities as a result of the

Winter Navigation Demonstration Program. The assignment of a second

major icebreaker to the Great Lakes, WESTWIND, has resulted in the

lease of mooring facilities in Milwaukee. One icebreaker operates

almost exclusively from St. Ignace each winter to maintain traffic

flow in the Straits of Mackinac. Leased mooring facilities have been

acquired at St. Ignace.

In developing icebreaker mooring requirements, a number of

assumptions were made:

a. Existing facilities will continue to be used and will be

sufficient.

b. Facilities for Type B vessels (major icebreakers) will not

normally exist and must be built.

c. At approximately 50% of the locations chosen for Type C

vessels (140 foot WTGB class), sufficient dock space will exist and

only services will need to be installed.

d. Specific locations are merely possible home ports and are

subject to change.
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The selected plan would require'four icebreaker mooring

facilities for. Type B 4cebreakers proposed to be located at

f Duluth/Superior; Sault Ste. Marie (see Figure B-13); Detroit,

Michigan; and Cleveland, Ohio (Figure B-47). Nineteen Type C

icebreaker mooring facilities would' be required at the following

locations:

Sault Ste. Marie, 5 facilities (Figure B-13)

*St. Ignace, I facility

Escanaba, 2 facilities (Figure B-22)

Port Huron, 1 facility

Detroit, 2 facilities

Toledo, 2 facilities (Figure B-43)

Cleveland, 1 facility (Figure B-47)

Buffaloi 1 facility

Oswego, 1 facility (Figure B-53)

Cape Vincent, 1 facility (Figure B-54)

Alexandria Bay, I facility

Ogdensburg, I facility (Figure B-55)

*One existing facility would also be used at St. Ignace Harbor

In the process 9f constructing icebreaker mooring facilities, the

following environmental impacts would be possible: danger to fish

spawning sites (particularly those with overwintering eggs);

placement of dredged material; and effect on neighboring wetlands.

Each harbor where land acquisition and dredging of access channels is

anticipated would need study. Normal permit procedures would be

followed, and site specific environmental concerns would be taken

into account as final decisions on the location of mooring facilities

are made. Details of studies recommended are given in the EPOA.
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Vess~lTraffic Control

Vessel traffic control in the Gr et:lakes-St. Lawrence Seaway

system under the recommended pln has been divided into three main

sections. The fA.rst section is vessel traffic control for the

preiention of cl-U1sionsraimnmgnes/roundings. The second secti6n is

vesel -traffic control for voyage following assessment. The third

section is vessel control for convoying and icebreaking scheduling

assessment. The recommended solutf6fi f6r each area is considered

independently of the others.

In the area of vessel traffic control ior prevention of

collisions, rammings, and groundings, no additional system is

recommended in the area from Montreal to Long Point nor in the open

lake areas of any of the Great Lakes. However, in the St. Marys

River,' when traffic conditions require two-way traffic in the Middle

Neebish Channel (estimated 1995), a low light level closed circuit

television is recommended to be installed at Johnson's Point and

across the channel from Stribling Point. The installation will

include transmission and associated control equipment. In the area

of the Detroit-St. Clair Rivers, regulations would be established

regarding vessel traffic and movement reporting. These regulations

will incorporate existing regulations now at 33 CFR 162.135.

Additionally, the establishment of a vessel traffic center is

recommended during the period 1 December to 1 April. The vessel

traffic center, to be located at or near an existing Coast Guard

facility, will advise and, when necessary, control vessel traffic.

Surveillance equipment beyond-the existing speed control will not be

necessary for this activity, but may be required for improved speed

control for environmental or social reasons. Two remote transmitting

sites with redundant Very High Frequency-Frequency Modulation

(VHF-FM) communications equipment would be req4ired, along with an

adequate staff for the vessel traffic control central.
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In the area of vessel traffic cqntrol for voydge following

assessment, there is currently no reliable method of determining if a

vessel has been lost or damaged (aside from the vessel communicating

its own distress signal) until the-vessel is overdue at its

destination or until it has -failed to file a routine report to its

owner. Since the crew survival time is likely to be further reduced

dur.ing the winter navigation operations, it is recommended that each

vessel participating in the program be fitted with an emergency

__ -position indicating radio beacon, at the owner' s expense. The

emergency position indicating radio beacon is an automatic device

which will transmit an alerting signal for a short period on channel

16 VHF-FM and a homing signal on channel 15 VHF-FM. Currently, U.S.

Coast Guard units are being equipped with homing and direction

finding equipment (these installations are not contingent upon season

extension).

In the area of vessel traffic control for convoying and

icebreaking scheduling, a Great Lakes automated vessel reporting

system is recommended. To facilitate convoying and icebreaking,

regular voyage reports (at call in points) would be required from all

vessels except those on a scheduled run (e.g., ferries). These

reports have been assessed and correlated with forecasts of ice

conditions to form convoys and dispatch icebreakers during the

Navigation Season Extension Demonstration Program. The existing

Coast Guard communication facilities have thus far been able to

handle the reports. However, considering the projected traffic, an

automated system and additional radio operators would be required

within 5 years. For the period from I December to 30 April, all

vessels navigating in the Great Lakes would be required to

participate in such a reporting system. At each of the present Coast

Guard Task Group locations, terminal access to the reporting system

will enable coordination of vessel movements for convoying. Such a
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system would require vessels to be appropriately equipped, at the

( owner's expense, to participate. Five computer terminals and

adequate staff would be required at Coast Guard Facilities.

Ice Data Collection/Dissemination Systems

During the Winter Navigation Demonstration Program, an Ice

Navigation Center was established at the Ninth Coast Guard District

Headquarters in Cleveland, Ohio. The Ice Navigation Center receives

data from a variety of sources, compiles and analyzes the data, and

disseminates the information in a near real time to interested users.

It is recommended that the Ice Navigation Center be an integral part

of the Winter Navigation on the Great Lakes-St. Lawrence Seaway

system and operate at a level commensurate with shipping activity.

The improvements recommended in order to provide adequate timely ice

information services to the anticipated shipping traffic through the

project life include an expanded staff capable of manning the

facility on a 24-hour day, 7 day week basis, expanded physical

facilities to handle increased personnel and equipment requirements,

and new equipment, including a fully operational Side Looking

Airborne Radar system (SLAR).

Ice and Weather Forecasts

To support the above mentioned Ice Navigation Center, ice and

weather forecasts that were developed and implemented during the

Demonstration Program are recommended. These ice and weather

forecast require data collection, reduction, and analysis to provided

timely ice and weather information. Additionally, it is recommended

that twelve (12) site specific ice forecasts be developed for

critical bays, harbors, and connecting channels. These site specific

forecasts are needed to project the impact of ice conditions on

navigation, as well as on other specific uses, such as island

transportation, recreation, etc.
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A forecast of ice breakup throughout the system would be

necessary in scheduling the removal of ice booms in the spring;and

the deployment of -aids to navigaticn.

Aids to Navigation

In the open waters of Lakes Superior, Michigan, Huron, Erie,

Ontario and including- Whitefish Bay, Green Bay, and Grand Traverse

Bay, all weather aids to navigation are necessary for the navigator

to accurately determine his position and to assist him in affecting a

safe transit in open waters of the Great Lakes. The LORAN-C is the

Federal Government-sponsored navigation system for the U.S. Coastal

Influence Zone. This system includes the Great Lakes. As the

requirement for having LORAN-C receiving equipment on board vessels

by 1 June 1981 is met, the mariner will have available a twelve month

all-weather navigation system that is in addition to the existing

system of major lake coast lights, radio beacons, fog signals, and

RACONS.

In Great Lake Harbors and connecting channels, all lighted buoys

and radar reflector equipped unlighted buoys were traditionally

withdrawn during late November and December to prevent damage and/or

loss of the aid during the winter months. Some of these buoys are

replaced with unlighted buoys not equipped with radar reflectors.

The winter markers are barely adequate at best and represent a

significant reduction in effectiveness. Buoys are also subject to

being submerged or carried off station by moving ice. Since the

reliability of floating aids during the winter navigation period

marking channels is reduced, vessel personnel are often times

uncertain as to their exact position within the channel. Thus, the

probability of grounding is increased considerably because the aids

may be off station or under the ice. Therefore, a system of fixed

light structures, some equipped with radar transponders (RACON), and

a Mini LORAN-C system is recommended. Since the mariner has become
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heavily reliant on radar, the Mini-LORAN C will not eliminate nor

() even reduce significantly his dependence; therefore, both systems are

recommended. During reduced visibility, when he is depending on the

LORAN C system for his position, he must also use his radar to

determine the location and direction of other traffic with respect to°

his vessel. It is believed that the two systems, the LORAN C and

fixed channel markers, complement each other and will ensure that

maximum benefitsare derived from each. The results of feasibility

tests to date along the St. Marys River, aboard the Coast Guard

vessel NAUGATUCK, the icebreaker MACKINAW, and the ore carrier ARTHUR

M. ANDERSON, indicate that the LORAN-C system looks promising for

high-precision navigation. The specific recommendations are as

follows: six fixed navigation light structures in Duluth Superior

Harbor, one each (navigation light structures) at Birch/Brush Point

and Big Point as well as eight fixed navigation lights structures in

the.St. Marys River, four fixed navigation lights in Green Bay, one

fixed navigation light in Alpena, two fixed navigation lights in

Saginaw Bay, four fixed navigation lights in the St. Clair and

Detroit Rivers, and one fixed navigation light with RACON in Toledo

Harbor. The configuration of other harbors in the Great Lakes is

such that additional aids are not required. The St. Clair and

Detroit Rivers will also be in line for a mini LORAN-C Chain, after

the effectiveness of the St. Marys Chain has been thoroughly

evaluated and shipboard receivers are readily available in the

commercial market.

The fixed aids to navigation in the St. Lawrence River required

for the recommended plan in U.S. waters are as follows: twelve fixed

aids, two ranges, and the addition of nineteen radar reflectors to

existing fixed aids. An important rationale for these winter

transportation system improvements on the Seaway is to provide for

safe night time transit, thus increasing the overall capacity of the

Seaway.
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Ice Control Structures

on the St. Marys River, immediately upstream of the Sugar Island

Ferry crossing, in Soo Harbor, the ice cover would be stabilized by

an ice boom system, a number of ice anchoring islands, and the

extension of the sewer outfall of the Sault Ste. Marie Sewage

Treatment Plant (See Figure B-13). The ice boom system is currently

comprised of a 400-foot west boom extending from Mission Point and a

1,000-foot east boom extending from Island "G", a small island

adjacent to Sugar Island. A 250-foot wide opening would be left

between the outer ends of the booms in the navigation channel for

vessel passage. Booms have been built at this location under the

Demonstration Program and would be redesigned and reinstalled for the

long range program. A typical river ice boom and boom anchors are

shown on Figures B-14 and B-15. To prevent rotation of the ice field

above the-boom on the south side of Soo harbor, two rubblemound

islands would be constructed adjacent to the south channel line to

anchor the field. The sewage treatment plant outfall would be

extended from its point of exit from the plant parallel to the south

shoreline of Soo Harbor to a point immediately upsteam from the west

Sugar Island Ferry dock. This change in location of the outfall

would allow the Soo Harbor ice field to remain shorefast and would

help to maintain the west dock of the Sugar Island Ferry in an ice

free condition.

There are pocential environmental impacts associated with the

modification of ice booms and the relocation of sewaga oufall that

deserve study. In addition to impacts sesuciated with dredging in

the anchors, there may be changes in a variety of physical and

chemical parameters important to fish and wildlife; i.e., current

patterns, resuspension of pollutants, etc. The stabilization of ice

may have a beneficial impact should the provision of increased safety

enhance ice fishing in stabilized areas, in addition to reducing the
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prospects of ice jams and flooding in the spring. Site specific-

studies in the Soo Harbor and other locations described would be

necessary to determine present resource values and the extent of

possible impacts resulting from the installation or modification of

ice booms. These studies are addressed in the EPOA.

At the lower end of Lake Huron where it passes into the St. Clair

River, in the vicinity of Port Huron, Michigan, and Sarnia, Ontario,

an ice boom system is recommended to stabilize the natural ice arch

which can be disturbed by passing vessels (See Figure B-37). The boom

would be the heavy duty type, likely with "catamaran" floats to give

it increased stability against the wind driven ice of Lake Huron.

There would be booms extending from both shorelines at a distance of

approximately 5,000 feet upstream from the Bluewater Bridge which

connects Port Huron and Sarnia. The west boom section would be

approximately 1,200 feet long, and the east boom section would be

approximately 3,200 feet long. An opening approximately 500 feet

wide would be left between the boom ends at the navigation channel to
allow for vessel passage. A model study is being conducted to refine

the detail of the ice control measure needed in this area,

The installation of ice control structures in the St. Clair River

would alleviate two problem areas in the river. The ice booms would

help to keep heavy ice cover from blocking the cooling water intakes

at power plant sources and the booms would also help to keep the

channel open so ferry operations would not be hindered.

At the lower end of Lake St. Clair where it passes into the

Detroit River, in the vicinity of Detroit, Michigan, and Windsor,

Ontario, an ice control system is recommended to stabilize the

natural ice archas which form between the U.S. mainland, the channel

islands, and the Canadian mainland (See Figure B-40). The purpose of
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the ice control system is to maintain the natural -ice arches which

could be disturbed by passing vessels. The system as now designed

would be an ice boom and would be constructed in three sections and

located a few hundred feet upstream of Peach Island. A 1,600-foot

section from the Canadian mainland to Peach Island, a 3,200-foot

section from Peach Island to the navigation channel, and a 1,200-foot

section from the navigation channel to the.U.S. mainland would be

constructed. An opening, approximately 500 feet would be left between

the boom ends at the navigation channel to allow for vessel passage.

On the St. Lawrence River in the vicinity of Ogdensburg, New

York, and Prescott, Ontario, there exists an ice boom which has been

constructed to stabilize the ice cover for power production purposes

(See Figure B-55). This boom would be relocated, reconstructed, and

equipped with a navigation opening at the point where it intersects

the navigation channel. The boom would be approximately 2,000 feet

long, would have the heavy duty type "catamaran" floats, and the

navigation opening would be equipped with approximately 1,000 foot

sections of light duty boorhs running parallel and upstream from each

boom end. These light duty booms are provided to resist the tendency

of the ice field to break off because of vessel induced forces as it

passes through the boom opening. The navigation opening would be

approximately 250 feet wide.

Also, on the St. Lawrence River in the vicinity of Cardinal,

Ontario, and Galop Island, there exists an ice boom system which has

been constructed to stabilize the ice cover for power production

purposes (See Figure B-55). This navigation channel boom would be

reconstructed and equipped with a navigation opening at the point

where it intersects the navigation channel. The boom would be

approximately 3,300 feet long, would have the heavy duty type

"catamaran" floats, and have a navigation opening approximately 250

feet wide.
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In addition to the Ogdensburg-Prescott and Galop Island booms,

there would be nine additional booms placed in the St. Lawrence River

between the Ogdensburg-Prescott bridge and Morrisburg, Ontario. Six

would be upstream from the Iroquois Dam and three downstream (See

Figure B-55). The booms would vary from i,200 feet long to 6,000

feet long and would be both heavy and light duty types, depending on

location.

With regard to modifying existing ice booms, two alternatives

have been explored. The first, described in several cases above,

involves removing a section of the main boom, thereby creating a

navigation opening. The second possibility is to construct gated

openings. The recommendation in favor of the first alternative was

based on favorable econoimics and the fact that opening and closing of

the gate against the force of moving ice could prove difficult and

cause delays in vessel transit. Experience has shown that the

natural ice arch re-establishes itself quickly after a vessel passes

through an ungated opening, and that the amount of ice released

through the opening is normally small, contributing little to

downstream ice problems.

Based upon test results of the Demonstration Program on the St.

Marys River and results of physical and mathematical model tests

completed or underway, sufficient engineering data exists to

recommend a substantial season extension in the St. Lawrence River,

even without dredging , utilizing ice stabilization structures,

reducing vessel draft, or alteration to the currently authorized

operational regulation plan.

The complexities of the hydraulics of the St. Lawrence River, as

they could affect power production, shorelines, navigation, and the

ecological systems of the river, strongly suggest that limited tests

of vessel transits through an ice boom or booms under a full ice
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cover condition would be necessary during the recommended post

authorization phase of a Navigation Season Extension Program.(9

Physical engineering tests wouid be used to verify -results of

previous model tests. Therefore, it is proposed that physical

engineering tests be conducted in the reach of the St. Lawrence River

between Ogdensburg, New York, and Galop Island during the Phase I,

GDM, following environmental baseline data collection and

environmental assessment, as outlined in the Environmental Plan of

Action.

Additionally, physical model tests are proposed during the Phase

I GDM, for the St. Lawrence River reach between Cardinal, Ontario,

and Iroquois Lock and Dam and mathematical models of the reach

between Morrisburg, Ontario, and Moses-Saunders Power Dam. It is

also proposed that vessel transit tests of the system be conducted to

confirm the results of these model tests.

Air Bubbler Systems

The St. Marys River throughout its length has a number of tight

turns in the navigation channel. Vessels encounter serious

difficulty negotiating these turns because of frictional resistance

between the vessel hull and the ice field. Specifically, the tight

turns which have been identified as causing the most problems are:

Whitefish Bay, Birch Point Turn (See Figure B-9)

Middle Neebish Channel, Angle Courses 5-6 (See Figure B-19)

Middle Neebish Channel, Angle Courses 6-7 (See Figure B-19)

Middle Neebish Channel, Angle Courses 7-8 (See. Figure B-20)

Middle Neebish Channel, Angle Courses 8-9 (See Figure B-20)

Lime Island, Lime Island Turn (See Figure B-21)

B-128



A typical channel bubbler and compressor facility is shown on Figures

"- B-10 and B-1i. The installation of bubbler systems at each of these

tight turns would inhibit the formation of ice or melt a portion of

the ice field which may have already formed. The bubbler pipe would

be placed at the edge of the navigation channel, thus producing a

relief zone in the ice field adjacent to the vessel track to ease the

movement of the vessel in the track. The bubbler -would emit air at a

pressure of 10 to 15 pounds per square inch. The-bubbler dispensing

pipe would be supplied by a pipe leading from -a shore based

compressor facility. The bubbler lengths would be 3,500 feet at

Angle Courses 7-8 and 8-9, 5,000 feet at Angle Courses 5-6 and 6-7

and Lime Island Turn, and 10,000 feet at Birch Point Turn. The air

would be compressed by a 375 cubic feet per minute diesel powered

compressor, and a second compressor of the same capacity and type

would be installed as a backup.

The compressor facility would also be equipped with after coolers

and air driers to cool the compressed air and remove moisture to

prevent condensation on the walls of the pipe. Otherwise blockages

could occur. The compressor equipment would be housed in a small

prefabricated building.

Though not expected, air bubbler systems may have some adverse

environmental impacts. Unless operated so as to maintain a thin

coating of ice, open water created by the systems may increase

waterfowl utilization in areas where they may be subject to increased

mortality from weather, disease, or inadequate food supply. Bubbler

systems may affect aquatic fauna and their carrying capability

through oxygenation of the local waters, and inhibit movement of fish

and wildlife. These possibilities and others will be explored in

studieb to be accomplished in the EPOA.
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Lock Modifications

The problems of operating the Soo-Lbcks (Figure B-lA, throughout

the full winter period fall into seven broad categories as follows:

Lock Walls

Gates

U,ream Approach

Downstream Approach

Lock Equipment

Bottom Scouring

Floating Plant to Support the Locks

The solutions recommended are discussed below:

Coating of the lock walls with a co-polymer couiting and removing

the ice that does adhere by using portable steam hoses with nozzles

would handle the general lock wall areas. The installation of a

steamline in the Poe Lock, by providing a recess in the concrete

along the lock wall at ice collar level, was considered as well.

Other alternatives investigated, such as using a tractor-backhoe

unit, a tractor-mounted 16 ft, chainsaw bar, and a scraper blade

mounted on a tug, were considered less desirable. These

possibilities were seen as more capital and labor intensive, and less

automatic in nature; thus, they were considered less favorable.

Damage to the wood timber fenders along the lock walls would

increase under an extended navigation season, and as initial

experimentation with rubber fenders has not been satisfactory,

increased budget allowances for the added costs of replacement in

r-ri- of material and labor would be necessary.
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To remove ice which ,accumulates in the lock chamber, ,butterfly

* valves would be installed in the upsteam lock gates. These butterfly

valves, along with the use of a tug to herd ice from -the dead water

areas of the lock, would adequately handle the ice accumulation in

the lock chamber.

Ice in gate recesses would be removed by installing a bubbler

flusher, which would be operated as just a bubbler during periods

when there are no vessels and as a flusher only during locking

cycles. Also, a co-polymer coating would be applied to the gate and

gate recess 9:o minimize ice adherence. A high velocity pump system

would be in3talled to flush %.ce from the groin or heel area of the

upstream gates. Heating cables would be installed on gate recess

machinery to prevent ice buildup.

The lock safety boom would have to have a permanent housing

constructed around the rolling segments to keep the tracks, teeth,

and recess pit free of ice and snow. The boom tips would be provided

with panels to protect the sockets from blowing snow, the boom

recesses would have the backwater valve for the floor drains molified

to prevent improper seating, and heating cables would be installed on

the floor near the drains to prevent freezing.

Ice problems in the upstream lock entrance of the Poe Lock would

be handled by the construction of a bubbler air curtain across the

upper lock approach; a bubbler system along the approach channel or

pier, and ice boom above the MacArthur Lock; the herding, by a small

tug, of ice through the MacArthur Lock; and the heating of the pier

walls to keep ice from adhering to them. Other options, such as flow

developers and ice harvesting, would not be fully effective nor cost

efficient.
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The ice prblemO :in the downstr6am lock entrance of the. Poe Lock

would be handi&e' by the :pPsneneht of a bubbler aiong the pier; the

installation of large gate valves to flush the area immediately below

the lock gates; and the operation of a tug and sweeping boom to move

ice into the large areas not used by traffic, such as north of the

East Center pier. An air curtain bubbler across the channel in the

lower approach would not be a solution in this instance. Also, flow

developers would not add significantly to the flushing actioi of ice

being forced from the lock. Finally, a- tailrace diversion from the

U.S. power plant at the location was not seen as practical due to the

distance and cost involved.

Because of the added requirement for compressed air for bubblers,

two-2,000 cfm compressors would be necessary to replace the existing

obsolete and under capacity units. Similarly, the additional

requiremeiits for steam for ice removal would necessitate the

replacement of the existing rebuilt boiler. The probability of

damage to lock equipment and structures would increase with winter

navigation, making necessary an increased level of maintenance.

This would inciude even the need for more frequent gate repainting.

Therefore, extended winter operations through the Soo Locks would

require adjustments in the scheduling of maintenance operations.

Some of the above-water mechanical maintenance and concrete repair

work would have to be phased or staggered to be accomplished with the

lock operational.

The shoals which result from bottom scouring would be removed as

netcessary as a part of the normal shoal clearing operations. Removal

of deposition from bottom scouring would become a more extensive

optation; however, four alternatives have been investigated to find

ways of meeting the problem. These include: (1) contract out a

portion of the total maintenance dredging requirement to compensate
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for the additional shoal removal work caused by winter navigation;

(2) temporarily assign a derrickboat from other Corps of Engineers

offices for a period each summer; (3) remove the loosened rock -belw

grade by dredging; and (4) request authority to allow for payment of

overdepth dredging on future dredging contracts. The first

alternative is recommended on the basis that existing -plant personnel

are fully committed to known maintenance dredging requirements.

Alternative 2 has some merit but could only be implemented if plant

personnel were available from other Corps offices, and this could not

be planned for on a long-term basis. The cost of Alternative 3, and

the lack of assurance that it would eliminate the problem, would

serve to exclude this option from further consideration. It is

recommended that Alternative 4 be considered on future projects for

dredging those channels that are susceptible to shoaling because of

winter navigation operations.

Winter operation would require the use of Corps of Engineers

tugs, derrick boats, and gate lifters to maintain and repair ice

control facilities. The tug FREDERICK would need to be repowered

(new 700-900 Horsepower engine), the bow would need to be reinforced

for minor ice breaking, a heavy duty propeller installed, a new

stronger steering gear system installed, and fuel tanks modified to

provide a "double bottom" characteristic. The tug WHITEFISH BAY

would require strengthening of the bow plating and framing,

replacement of the cable type steering system with a hydraulic

system, installation of a heavy duty propeller, modification of the

sea chest to remedy problems related to ice operations, and

modifications of the fuel tanks to provide a "double bottom"

characteristic. In addition, a new 1,200 to 1,600 horsepower tug,

not longer than 65 feet because of 80 foot lock width, would be

necessary. The derrick boat HARVEY would require strengthening of

the hull, installation of heaters and heated inclosures around the

spud wells and deck machinery, and the installation of a large
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capacity air -dryer for the compressed air system. The gate lifter

PAUL BUNYAN would require replacement of the existing steam power C'
plant with a diesel power plant that could operate in the on and off

mode required in the winter, and installation of heating equipment

and an insulated inclosure for each spud well.

There are two navigation locks on the St. Lawrence River that are

U.S. owned (Eisenhower and Snell, see Figure B-57). The other five

are Canadian owned (see Figures B-56, B-60 and B-62). The problems,

related to winter navigation at these locks, can be grouped into four

categories as follows:

Lock wall icing

Gate icing

Ice in the lock chamber

Equipment failures

The recommended solutions to the problems in each of these categories

are discussed below. The improvement necessary to handle lock wallI'. icing consists of coating the lock walls with a co-polymer coating

and removing the ice with portable steam hoses with nozzles. The

improvements necessary to handle gate and gate component icing

consist of heating the mating edges of the gates, the installation of

jsate recess bubbler flusher, and replacing the existing contact

blocks with heated contact blocks. The improvements necessary to

handle ice in the lock chamber are the installation of flow

developers in the lock walls to speed the passage of ice out of the

upstream end of the lock chamber, and the installation of flow

developers along the approach walls. The improvements necessary to

handle the probable higher incidences of equipment failure would

require that all equipment and lock subsystems be kept in a high

state of maintenance, that extensive equipment redesign be

undertaken, and that heated enclosures be provided for equipment and

personnel.
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To operate and maintain lock facilities and ice booms on the St.

Lawrence River, two tug boats would be needed. The existing SLSDC

tug ROBINSON BAY would have to have a new stainless steel propeller

installed and an air lubrication system installed for the hull.

Also, a second new icebreaking tug is recomm-nded.

Power Plant Protection

The Edison Sault Power Plant on the South Bank of the St. Marys

River, in Soo Harbor, immediately downstream of the Soo Locks, (See

Figure B-13) is susceptible to flooding from tailwater river stages

of elevation 582.9 feet. This elevation can be reached or e:ceeded

if ice jams occur in the Little Rapids Cut. The rise required to

produce flooding is only a couple of feet above normal range of river

stages. However, Edison Sault Electric Company states that it does

not feel that it would be advisable to make any major expenditures to

prevent plant flooding inasmuch as the plant has been flooded from

the tailrace side only once in 78 years of operation. This flooding

occurred in December 1951 and was caused by an ice jam at Six Mile

Point in the lower river. There were sixteen compensating gates open

at the time and it took thirty hours for the water to raise 2.6 feet.

The ice boom which is being constructed at the lower end of Soo

Harbor (head of Little Rapids Cut) would stabilize the ice cover in

Soo Harbor, thus minimizing the passage of ice through Little Rapids

Cut and the possibility of ice jamming at the lower end of Little

Rapids Cut. The boom details have been addressed in the Ice Control

Structures discussion.

The power plants along the St. Clair and Detroit River could be

affected by ice dislodged from the natural ice arches, at the head of

each river, by vessels which pass through the arches. As in the case

of the St. Marys River, the details have been addressed in the Ice

Control Structures discussion.
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II

The Moses-Saundr*s and Beauharnois Powerhouse on the St. Lawrence

River have -been-affuctedby-ice jamming through the years, ard the

Power Entities have addressed this problem by constructing ice booms

at Ogdensburg-Prescott, Galop Island,. Lake St. Francis, and the

Beauharnois Canal. The existing Ogdensburg-Prescott and Galop booms

extend across the entire river including the navigation channel. As

in the case of the other rivers, the details of boom modifications

and additional booms have been addressed in the Ice Control

Structures discussion.

Dredging

Under an expanded navigation season, the anticipated increase of

winter transits on the St. Marys River around Neebish Island would

eventually require the provision of simultaneous two-way traffic in

the Middle Neebish Channel. This would require the dredging of the

existing one-way 300 foot wide Middle Neebish Channel to transform it

into a 700 foot wide two-way channel (see Figure B-16). The dredging

would amount to approximately 3,000,000 cubic yards of limestone and

soft materials, depending on the location in the approximately 17

mile long channel (for typical dredging cross-section, see Figure

B-17). It is recommended to dispose of the dredged material by

hauling it to an open water area in the head of Lake Huron where the

water depths are between 100 and 150 feet (see Figure B-18). The

possibility of upland disposal at an area or areas closer to the

dredging site was investigated but no sites could readily be

identified. The possibility of upland disposal site would be further

pursued during the design memorandum phases of this project.

Additionally, the disposal of a por.t ion of the dredged rock in

patterns and configurations which may improve and diversify the

aquatic habitats of Lake Munuscong appears to be a viable alternative

which would be investigated in the design memorandum phases.
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Alternatives considered were: (1) close Middle Neebish Channel

and dredge West Neebish Channel to permit simultaneous two-way

traffic; -(27) close Middle Neebish Channel and operate-West Neebish

Channel for alternating two-way traffic with traffic controls; (3)
close West Neebish and operate Middle Neebish for alternating two-way

traffic with-traffic controls; and (4) continue the existing summer
traffic pattern. The first alternative was ruled out by dredging

quatities roughly seven times-greater than would be necessary in the

Middle Channel under the recommended plan. The major drawback of the

second and third alternatives, that of arranging alternating two-way

transit in either channel, is the potential for bottlenecks as the

volume of traffic increases in the future. The fourth alternative,

operating the Middle Neebish Channel for upbound traffic and the West

Neebish Channel for downbound traffic, presents serious uncertainties

regarding possible ice jamming 1.n the West Channel and possible

flooding and shore erosion problems upstream of the West Neebish

Channel. Until the system reaches capacity and the decision on when

to begin dredging is made, the practice of alternating two-way

traffic in the Middle Neebish Channel with traffic controls is

expected to continue as it has during the Demonstration Program.

Concerns about other potentially severe environmental consequences

along the West Channel have also been expressed.

Assuring cross channel transportation for Neebish Island

residents is another consideration which strongly favors the Middle

Channel option.

Any alternative selected to improve winter transit around Neebish

Island, regardless of the Aredging undertaken, would involve costs in-

the form of bubbler systems a, crucial turns, additional icebreaker

assistance, additional traffic control monitoring, and navigation

aids effective for winter use. These items are discussed at

appropriate locations in this Appendix.
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All the alternatives could- have environmental impacts as yell. C-
Those associated especially with dredging activity include a

displacement of bottom habitat, possible changes in current patterns

and velbcities,, and possible resuspension of pollutants. Disposal of

dredged material has the potential to adversely or beneficially

affect the environment depending on where, how, and what type of

material is placed to promote specific use objectives. It should be

remembered that some dredging activity would likely take place in any

case in the process of maintaining the shipping channels around

Neebish Island for non-winter season shipping.

Compensating Works

On the St. Clair River at Stag Island, river flow compensating

works are recommended (See Figures B-38 and B-39). The compensating

works would be made up of a 1,500 foot training .aZi extending

northerly from the northern end of Stag Island, and a 300 foot gated

structure extending from the Canadian mainland partially across the

channel east of Stag Island. The training wall would be trapezoidal

in cross-section with a random rockfill core and riprap outer

covering. The gated rtrv-ture would be equipped with buoyant

flapgates. The gate supporting structure would be large cellular

reinforced concrete sills with steel sheet pile cells at each end.

The top elevation of the structures would be approximately 10 feet

above low water datum (LWD=574.7').

On the Detroit River at Peach Island, river flow compensating

works are also recommended (See Figures B-40 and B-41). The

compensating works would be made up of two-1,500 foot training walls,

which would run parallel to and at the channel-lines of the 800 foot

wide navigation channel; a 350 foot gated structure between the north

training wall and the U.S, mainland; and an 800 foot gated structure

extending partially across the river from the south training wall

toward Peach Island. The training walls would be trapezoidal in
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cross-section with-,a granular core, random rockfill out rmass, and

riprap outer covering. The gated structures would be equipped with

buoyant flapgates. The gate supporting structure would be larke

cellular reinforce concrete sills, with steel sheet pile cells at each

end. The top elevation of the structure would be approximately nine

feet above low water datum (LWD = 571.31).

Though their purpose is environmentally oriented, to maintain

natural levels and flows compensating works may possibly change water

levels and current patterns, with potential environmental

consequences. Resuspension of pollutants and disruption of Lake

Sturgeon spawning and feeding grounds are potential problems that

would need examination in the form of baseline and monitoring

studies.

Shoteline Protection

Shoreline Erosion Protection

As part of the effort to analyze the role of ice and winter

navigation in sediment transport and shoreline erosion, a study is

underway to complete identification of erosion prone areas within the

Great Lakes, their connecting channels, and the St. Lawrence River

that are considered to be influenced by winterc navigation. The

approach being taken in this study is to describe the mechanisms of

ship-induced impacts to provide a base of understanding, and then

define relevant impact areas of the shoreline and make an estimate of

the magnitude of potential problem areas. Preliminary estimates of

shoreline lengths that appear particularly susceptible to

ship-induced erosion effects along the Great Lakes connecting

channels and St. Lawrence River are:. St. Marys River, 4.8 miles; St.

Clair River, 0.75 miles; Detroit River, 0.77 miles; aid Lhe St.

Lawrence River, 3.2 miles. Cost estimates for permanent shoreline

erosion protection are displayed in the cost tables for theI recommended plan.
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Shore Structure Pro"tection
" C

- As part of the shoreline protection study, studies identified

structure damage prone areas within the Great Lakes, their connecting

channels, and the St. Lawrence River. The problem is to evaluate the

change in the incidence and degree of damage . incurred by private

structures under extended navigation. The approach to a solution

would measure actual ice forces and compare them with stability and

strength criteria for various-structures, leading to an assessment of

potential damage under actual conditions of extended navigation.

However, the data necessary for such an analysis are nct extensive

enough nor sufficiently documented to give confidence in applying

them to so great a number and variety of structures, ice conditions,

and channel configurations. There are up to approximately 4,700

structures that would be possible candidates for protection.

A probabilistic approach has been developed to assess both the

incidence and degree of ice damage to structures. This approach is

consistent with the belief that analytical certainty is not

obtainable, and yet the probabilistic approach can adequately serve

the planning function by providing information that is sufficiently

precise to support planning conclusions and actions, including

preliminary cost estimates.

The probabilistic approach consists of characterizing the ice

conditions, on a reach-by-reach basis, that occur under natural

conditions and under several schemes of winter navigation. On the

basis of these ice conditions and on the basis of the channel

characteristics within each reach, two probability estimates are

made. First, estimates are made of the probability of occurrence of

ice damage in each reach. Second, estimates are made which express

the likely severity of ice damage in each reach in probabilistic

terms. There remains the need to translate the probability estimates
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into terms more tangible, -such as dollar cost. This ig.ddnby

expressing ice damage costs as a function of the total value of the

structures, or-more specifically, as a portion of percentage of total,

value. For the purpose of this study, it was decided to express

value in terms of cost of replacement by like -constrticticn.

Estimates of the dollar value of ice damage to shore structures

along the Great Lakes connecting channels and St. Lawrence River are

displayed as a one-time shore structure compensation cost for

* permanent protection in the cost tables of the recommended plan.

Shore Protection Conclusion

The possible courses of action and recommendation on shoreline

erosion and structural damage were discussed earlier in this appendix

under the Social Well-Being Impacts section.

Environmental impacts of actively eroding shores and channel

bottoms, and their effects on fish and wildlife in the areas

concerned, are addressed in the Environmental rlan of Action.

Island Transportation Assistance

Sugar Island Ferry - The continuous passage of -essels through

the natural ice arch at the head of Little Rapids Cut causes ice to

break away from the arch and could eventually cause the Cut to fill

with ice and interrupt ferry passage. The recommended solution to

these problems has been tested under the Demonstration Program. For

a permanent solution, the mainland dock bubbler flusher and the icc

booms recommended under the March 1976 Interim Report would be

redesigned and replaced with facilities for year-round navigation.

To stabilize the ice field in Soo Harbor, ice islands would be

constructed and the sewer outfall from the Sault Ste. Marie sewage
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treatment plant would be extended. All of these construdtion items

have been discussed and included under the section enditled Ice

SControl Structures. Other possible solutionso,.such as helicopter or

-air boat service, or bridge construction, would be either extremely

,costly ornoqt totally effective in transporting supplies (e.g., fuel

oil) as well as residents and vehicles.

Lime Island - The construction and operation of an airboat has

4been recommended under the plan for extension of the navigation

season to 31 January. It has been further suggested that a one-time,

lump-sum payment be made to a non-Federal entity, which would then be

responsible for the operation and maintenance of the airboat.

Permanent transportation facilities are not deemed feasible given the

extreme costs that would be necessary to service the needs- of the

small number of permanent residents.

For purposes of the extended season navigation through the full

winter season, only the additional increment of operation and

maintenance costs have been recommended in this report.

Drummond Island Ferry - The continuously maintained ship track,

upstream of the ferry crossing, severs the alternate means of

transportation to the mainland when the primary means (the ferry) is

out of service for repairs.

Detailed studies of island transportation were conducted at

Drummond Island during the Demonstration Program to determine if

there was an impact of winter navigation on the island transportation

between the island and the mainland at Detour, Michigan. The results

of the study indi~cate that the impact of winter navigation was on the

alternative mode of transportation to and from the island

(over-the-ice) and not on the ferry transportation. Consequently, no

improvements are recommended for Drummond Island. Further

2
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observations would be: conducted during the advanced engneering and,

design phase to confirm whether or not extended season operaiions

significantly hinder efficient operation of the ferry- If further

investigations determined that extended season operations impact on

ferry operations, mitigation measures would be ronsidered.

Grindstone Island - In the St. Lawrence River, winter vessel

movement would create transportation problems-for Grindstone Island

residents, in that their ice bridge direct to the Villag' of Clayton

would be disrupted. One solution would have residents, nmke their way

to Wellesley Island by the same means that they have used toe&ross

the channel to the mainlanad, and from Wellesley Island commute by

automobile over the Thousand Island Bridge and on to Clayton. This

would necessitate Grindstone winter residents stationing their

automobiles on Wellesley Island. The overall distance of this

alte'rnatc route is approximately 10.75 miles. As this solution is

not considered acceptable to the island residents, the provision of a

tug that is capable of operating between Grindstone Island and

Clayton, during periods when the river is ice covered, is the

recommended solution for providing winter access directly between

Grindstone Island and Clayton, New York. The operations of this tug

would require the dredging of approximately 4,000 cubic yards of rock

to provide adequate water depth at te Grindstone Island dock. Some

minor modification to the "Ock structu.re wou.d also be needed.

Adequate docking facilities already exist at Clayton.

Use of an airboat on a year-round basis is a feasible alternative

for those island residents who own this mode of transportation.

However, only a few of the Grindstone Island residents own this form

of transportation.

Bridge construction, helicoptor transportation, or the use of an

all-terrain vehicle are also judged to be excessively costly

solutions.
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Detailed studies of island transportation were conducted in the

St. Clair and Detroit Rivers to determine if there was a potential

impact of winter navigation on those transportation -systems. The

results of the study indicate that the impact of winter navigation on

cross-channel transportation service is minimal. Consequently, no

improvements are recommended ifr the St. Clair River and the Detroit

River, with exception of a review of impacts on the Harsens Island

Perry. Should there be impacts attribu:able to extended season

operations, mitigation measures would be considered.

Connecting Channel Operational Plans

As a further assurance that the impact on island transportation

is minimized, contingency plans for Sugar Island, Neebish Island,

Lime Island, and Drummond Island in the St. Marys River are

recommended for implementation. These plans were developed and

successfully implemented during the Winter Navigation Demonstration

Program.

The operational plan for Sugar Island ferry transportation

contains considerations for icebreaking assistance for the ferry, ice

condition forecasts, public notification of ice forecasts, and

criteria to be used in determining the closing date for winter

navigation, should it become necessary. Measures to be taken during

temporary ferry service interruptions are tre use of a Coast Guard

tug equipped with wind shelters for emergency ferry service,

temporary landing facilities for the Coast Guard tug, and provisions

for Dial-a-Ride service to be provided by the Eastern Upper Peninsula

Transportation Authority, in addition to structural mer~uzes already

recommended. These items recommended are stabilizazion measures for

the Soo Harbor ice cover and the provision for a bubbler-flusher at

the mainland dock to assist in keeping the ferry landing clear of

broken ice.
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The operational plan for Neebish and Lime Island's transportation

-contains oansideration for emergency ferry and medical evacuation

service.

The operational plan for Drummond Island Fevry Service contains

co-asideration for icebreaking assistance, emergency ferry service

provided by the U. S. Coast Guard, land transportation service,

public notification of anticipated ferry difficulty, anda emergency

medical evacuation service.

Additionally, similar operational plans would be developed and

implemented for islands in the St. Clair and St. Lawrence Rivers.

They would contain provisions for emergency ferry service, emergency

medical evacuation, and icebreaking assistance, as required.

This activity would be funded under existing agency authorities;

consequently, there is no cost associated with the recommended plan.

Watc- Level Monitoring

It has been shown by various investigators that ice retardation

within the Great Lakes connecting channels can affect the levels and

flows of the system. This natural occurrence is an important factor

in the natural water levels existing in the system. Winter

navigation can disrupt the ice cover in these reaches and, as a

result, might increase or decrease this retardation, which in turn

would affect the levels.

Consequently, it would be necessary to increase the monitoring

systems in the connecting channels of the Great Lakes. Ice jam alert

monitoring programs have been established for the St. Clair River,

Detroit River, and St. Marys River and would be established for the

St. Lawrence River. Water level monitoring under these plans would
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be conducted with the use of water level recording gages as well as

on-sight inspections'. Additionally, time-lapsed motion picture

cameras would be used to monitor ice conditions in critical readhes-

of the system, and it would be necessary periodically to make ice

thickness measurements and current velocity measurements as well as

aerial reconnaissance flights to assess the overall ice conditions.

Vessel Speed Control and Enforcement

Speed regulations are the responsibility of the U.S. Coast Guard

and the St. Lawrence Seaway Development Corporation. These

regulations are found in 33 CFR 92.49 (St. Marys River), 33 CFR

162.135 (Detroit-St. Clair River) and 33 CFR 401.28 -(St. Lawrence

River).

Vessel speeds are monitored using Doppler radar or by measuring

the time a vessel travels its own length. During the regular

navigation season, vessel speeds are checked at random locations at

random times of the day or night. During winter navigation, the

level of speed monitoring is reduced commensurate with vessel traffic

levels. Civil penalties are assessed for significant violations.

Vessels, including icebreakers, can be expected to operate at

speeds ranging from 0 to 15 miles per hours or at the established

speed limits, whichever is lesser. New electronic navigation

devices, which would indicate vessel speed, would have no effect

except that it will be easier for vessel personnel to comply with the

speed limits. The Coast Guard indicates that compliance is already

very high.

In addition to measures recommended by this report (see Social

Well-Being Section), assessment of reports of property damage would

continue (U.S. Coast Guard/SLSDC) with a view toward adjusting the
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speed limit should experience indicate it necessary. Vessel

operators will continue to be responsible for shore property-damage;

this will continue to place any financial buiden-directly on'the

responsible parties. The decisions regarding the causes of damage,

either natural or vessel wake, would be determined on a case by case

basis.

This activity would be funded under existing agency authorities;

consequently, there is no cost associated with the recommended plan.

Safety/Survival Requirements

The technical developments for crews' safety and survival have

either been completed or are nearing completion by the U.S. Coast

Guard. Technical requirements are either established or in their

final development. The task that remains is to introduce the

necessary changes to the Coast Guard regulations through the extended

process of legal review, publication of proposed rules, evaluation of

public comment, additional legal review, and final rule publication.

The Coast Guard will contiuue the process of translating the

technical developments into proposed and final rules. One result of

climatological and environmental studies was the realization that

hazards to crews were just as great during parts of thenormal

navigation season as during the extended navigation season.

Therefore, regulation changes that would be proposed will apply, for

the most part, to inspected vessels of the Great Lakes in general and

not just to those operating during the extended season. Regulation

projects that are in process at this time include provisions for:
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a. Exposure suits for all personnelon-board.

b. Inclosed survival craft capable of being launched with all

personnel aboard.

c. Emergency Position Indicating Radio Beacon (EPIRB) for

vessels and survival craft.

d. Improved crew training and drill requirements, including

instruction in cold water survival techniques.

All costs incurred in introducing the new required equipment and

training would be borne by vessel owners and operators as part of

their overall safety program.

The Coast Guard has a continuing program of research and

development in crew safety and survival. New proposals might be

introduced at later dates on the basis of these programs. No

additional legislative authority is required for introduction of any

of the equipment and procedures that would be proposed.

Vessel Operating and Design Criteria

The potential for a major marine incident always exists and U.S.

Coast Guard records of reportable vessel casualties have been

reviewed. A reportable vessel casualty involves damage affecting

seaworthiness of a vessel, stranding or grounding, or material

property damage in excess of $1,500. A reportable personal accident

involves loss of life or incapacitation for a period in excess of 72

hours. Due to reporting procedures, the records for U.S. vessels are

more complete than for foreign vessels. During the period from FY

1963 to FY 1976, a total of 111 vessel casualties were reported

occurring on the Great Lakes and involving a collision with ice or
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ice fields. Of the total, 61 involved cargo (freight vessels) and 20

involved tank ships. The remaining were split among other types of

vessels, including one foreign tanker and two foreign freight

vessels. The most important information obtained from the review

regarding the need for regulation is that in the following categories

no incidents are indicated:

a. !Incidents of pollution

b. Vessels total loss

c. Deaths

d. Injured or incapacitated for 72 hours

e. Monetary damage to cargo

f. Monetary damage to property.

The Coast Guard draws its vessel-hull strength and powering

reqhirements from the American Bureau of Shipping "Rules for Building

and Classing Steel Vessels". These "rules" also offer eight various

classifications for operation in ice. The ice class rules cover hull

strengthening, increased power, strengthened rudders and steering

gears, special arrangements for sea chests to prevent freezeup, and

special materials and designs for propellers. However, vessels

meeting any of the ice classes are not considered satisfactory for

independent operation in ice, i.e. without an icebreaker. Within the

confines of these rules, it is the responsibility of the owner to

determine which ice class is most suitable for his intended service.

Although this classification option is available to the owners,

they are not required to make any ice classifications for their ships

presently operating in winter conditions on the Great Lakes. It is

noteworthy that lowest class ABS cebreaker class C requires:

a. Shellplating on the ice belt to be increased 25%,
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b. Increased strength of fore and after peak framing,

c. Intermediate frames added from stem to a poiht whrert-daimum

beam occurs,

d. A 25% increase in the strength of the rudder stock,

e. A special arrangement of the sea chest to minimize freezing,

f. Increased minimum horsepower, and

g. Increased strength of reduction gears and propellers.

Other winterizing modifications have already been addressed by the

Coast Guard either in present or in proposed regulations, some of

which are still being drafted. Most of the proposed regulations

address new lifesaving equipment for protection of the crew under

extreme conditions (46 CFR 92.20-50 requires "adequate" heating and

accommodation spaces).

The Coast Guard has no visibility standards. Adequate visibility

is required for all vessels, but the actual "adequacy" of it is left

to the individual Master's interpretation. The Coast Guard is

conducting a study to determine what factors are involved in the

setting of visibility standards, as well as the development of the

standards. Further, the Coast Guard charges the Master with the

ultimate safety in the operation of his vessel. Statistics seem to

indicate that the masters are doing a good job.

The above comments would suggest that no new regulations are

necessary, and based on studies of vessel damage caused by ice since

1963, the Coast Guard does not feel new regulations relative to

vessel construction are required at this time. However, a number of

the vessels currently operating in ice are not designed to break ice,
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and the potential for vessel casualties due to ice does exist and

should increase as traffic levels increase. The need for ice

strengthening exists in order for the Master to utilize all available

power without a high risk of causing vessel damage. This reluctance

to-use 'full power due to the risk of hull damage As A major

contributing factor in the large number of icebreakers required.

Regulations for the strengthening of hulls, reduction gears, rudder

stocks, and propellers may be required in the future. Several high

powered vessels, which now operate in ice routinely as a result of

the Demonstration Program, have received some hull strengthening,

Otherwise, the limited number of icebreakers available may

necessitate restricting operation of vessels in ice.

The problem of ships becoming stuck while operating in heavy ice

conditions was shown to be a real one during the winter of 1978-1979,

when. instances of ships becoming entrapped outside Conneaut Harbor in

Lake Erie and in the Livingstone Channel in the Lower Detroit-River

were reported. The possibility of such occurrences is raised in

Appendix A in relation to the problem of piling ice at various

locations. At certain times during severe winters, when ice and wind

conditions are right, ice piles may develop to the extent that

navigation may be interrupted for periods of time at specific

locations. The use of ice booms at locations described in this

Appendix would substantially prevent such a development within

harbors and along connecting channels.

According to statistics provided by the U.S. Coast Guard, 34

Merchant vessels sustained ice damages during the 1978-79 winter

navigation season, totalling $914,000. Eight Coast Guard vessels

were damaged by ice during the same period, costs totalling $441,000.

Salvage Operations

The problem of salvage under ice conditions could be resolved by

the same procedures used in removal of stranded or wrecked vessels
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during the normal shipping Season. The preferred od0rse of action is

for the nwners themselves to make arrangements in securing the

release of the vessel. If the owners and ufiderwriters abandofihe

vessel and cargo to the U.S. Government, then It becomes the Corps of

Engineers responsibility to remove the wreck (though the owners and

underwriters are still liable for Government cost). In this

instance, depending on the urgency of the case, the salvage operation

can either be conducted by the Corps of Engineers 6r contracted out.

The alternative to extending established recovery operation

procedures into the winter season is to negotiate open-ended

contracts with qualified and well equipped salvage and towing

contractors on the Great Lakz;. Contractors would be paid to

maintain a salvage vessel, complete with operating drew and certain

minimum salvage gear, in a state of readiness at designated

locations. .Should experience gained in the Winter Navigation Program

indicate that a quicker than normal response is needed for stranded

or wrecked vessel cases, then this alternative may be found useful.

Otherwise, it is recommended that customary procedures for

salvage/recovery operations be followed. Experience under the

Demonstration Program has not shown a need for a salvage vessel on

standby.

Search and Rescue Requirements

The introduction of winter navigation on the Great Lakes will

produce a need for surface and air capability to respond to incidents

involving major vessels year-round. During winter months the only

vessels capable of rendering assistance would be icebreakers. All-

weather aircraft are also required for more rapid assistance needs.

These aircraft resources are presently operating in the Great Lakes.

Fulfillment of icebreaker requirements as previously outlined would

inherently provide vessel search and rescue capabilities sufficient

to meet the needs of merchant vessels operating in the winter. The
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'Coast Guard's ongoing aircraft replacement program will continue to

( provide the Coast Guard air stations at Chicago, Illinois; and

Detroit and Traverse City, Michigan, with adequate all-weather

aircraft to respond to winter search and rescue requirements.

Oil/Hazardous Substance Contingency Plans

Since there cannot be an absolute guarantee that it could not

happen, the potential for an oil spill occurring during an extended

season program does exist. For a number of reasons, that potential

is lower in stable ice conditions and higher during spring breakup
when the ice is moving downstream in riyers and bays near rivers.

Under the various circumstances which could occur during a spill, the

containment and clean-up operations could be either less difficult or

more difficult than similar operations taking place during warmer

weather.

Although the U.S. waters of the Great Lakes have never

experienced a catastrophic winter related oil spill exceeding 100,000

gallons and no vessel related spills of significance have occurred

during winter operations, a spill could be locally devastating to

fisheries and wildlife.

The U.S. Coast Guard has developed a number of excellent

contingency plans for spill clean-up and containment. Response time

has been reduced to a few hours and good equipment is available.

However, based on comments received on the Draft Report,

Environmental Impact Statement, and the numerous public workshops and

meetings, it appears that the public and agencies with the primary

mission of protecting natural resources strongly desire further

improvement of the ability to handle oil or toxic material spills.

These agencies and the public have highlighted potential problems nnd

the situation dictates that technology, contingency plans and

equipment continue to be improved to afford better protection for
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water quality and fish and wildlife resources which are essential to

the health and economic well being of much of the population of the

Great Lakes Basin. These resources form the basis of a multi-billion

dollar tourist and recreation industry. Therefore, continued

improvement of technology, technology transfer contingency plans 
and

equipment is warranted and is proposed under the Environmental 
Plan

of Action to afford the level of protection desired by the public.

The Coast Guard is charged with providing the Federal

pre-designated on-scene coordinator in the coastal regions and the

Great Lakes. This official has complete responsibility for on-scene

actions to mitigate, contain, or otherwise assure the clean-up 
of oil

spills. There are nine such officials spread throughout the Great

Lakes. Personnel trained specifically in the handling of oil spills

are available in each sub-region.

Under the National Contingency Plan for dealing with spill

situations, regional response teams are mandated to advise and assist

the on-scene coordinator. Primary Federal agencies on the teams

include the Coast Guard, Environmental Protection Agency, Army Corps

of Engineers, Department of Interior Fish and Wildlife Service, and

the National Oceanic and Atmospheric Administration, with state and

local governments also well represented. The national strike force

team for the Atlantic region, armed with the most sophisticated

containment, transfer, and clean-up equipment, can be operating in

the Great Lakes four hours after notification.

Besides the National Contingency Plan, a Great Lakes Region

Contingency Plan, sub-regional plans throughout the Great Lakes, and

a Joint United States-Canada Contingency Plan, for occasions when

waters in both countries are endangered, are all in existence and

operative. These mechanisms have proven successful at times of

emergency in the past.
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As for the financing ofcleanup operations, the cost is to be

b6rie primarily-by the owner df the facility-which spilled the

material. Financial responsibility is, however, limited. If cleanup

costs exceed this limit, a "super fund"-established by the Congress

is tapped for the remaining costs. Legislation is under review which

would increase the financial liability of the owner to avoid

excessive depletion of the Coast Guard's funds.

These related considerations also would merit attention:'

a. Proper clothing for response personnel and -providing adequate

shelter from the elements.

b. Handling and transporting standard and nonstandard response

equipment under extreme weather conditions.

c. Staging areas which may require snow or ice removal.

d. Removing and disposing of oil contaminated ice (utilizing

locally available clam scoop shovels, hopper barges, etc.).

e. Locally available steam generators and portable heaters for

melting ice and heating solidified oil, in addition to locating putips

capable of moving extremely viscous liquids.

Vessel Waste Discharge

Blackwater

Blackwater is defined as human body wastes collected from urinals

and toilets onboard commercial vessels. A study was conducted and a

report prepared for Maritime Administration and the Corps of

Engineers, to assess the effects of navigation season extension on

blackwater waste disposal generated onboard Great Lakes Commercial

vessels.
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S-This report-examines: (1) shoreside facilities for sewage

disposal,,(2) shipboard waste-treatment units, (3) environmental

effects of blackwater, .(4) economic impact of legislation on ship

-operations.

Regulation of the discharge of blackwater from commercial vessels

is based on the Federal Pollution Control Act of 1972. The Act

;states, in part:

a. the Coast Guard and the Administrator of EPA shall

develop standards for marine sanitation devices

(MSD's) and establish a time schedule for compliance.

b. Coast Guard certification is required for MSDs.

c. both new and existing vessels must comply with

Federal regulations (treatment of blackwater)

by January 30, 1980.

The Clean Water Act of 1977 further amends this law; the Act

redefines vessel "sewage" to include graywater wastes and defines

treatment of sewage to a minimum of secondary treatment. In

addition, individual states bordering the lakes can be granted

"no-discharge" zones in Great Lakes waters.

Shoreside facilities are required for sewage which is held

onboard ships. Three methods of disposal are found in ports: tank

trucks, discharge risers, and waste collection vessels. Tank trucks

are widely available, but are limited by their volume capacity.,

Discharge risers are dockside permanent sewerline openings, and while

expensive to install, have no volume limit. Waste collection vessels

are rare, and have limited capacity. The ultimate destination of all

wessel sewage is a wastewater treataent facility. Use of all three
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sewage disposal methods has been minmil due t& lack of demand and

insufficient regulations. No serious problems with utilizing

shoreside facilities have begn incountered under winter navigation

conditions and none are expected.

Most ports surveyed do not have adequate facilities to accept

retained wastes, and many ports have none. By 1980, direct discharge

of untreated sewage by vessels will be illegal, and an increase in

demand for facilities will occur. An extended season on the Great

Lakes should have no impact on the need for sewage diseposal

facilities in either numbers, size, or location.

A study of shipboard facilities for blackwater disposal concludes

the following: (1) no treatment (33%), (2) treatment by maceration

and disinfection with overboard discharge (34%), (3) retention

onboard until reaching port (13%), (40physical-cLemical MSD

treatment (18%).

Vessel devices used to collect and adequately dispose of wastes

are called marine sanitation devices (MSD's). MSD's are of three

types. Type I MSD's macerate and chlorinate vessel waste prior to

discharge into receiving waters. Type II MSD's utilize

physical-chemiual and biological treatment. Type III MSD's are

incineration units and retention systems, which allow no overboard

discharge.

The present technology of shipboard treatment is sufficient to

meet present environmental objectives, and navigation season

extension would have little effect on shipboard MSD's.
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S'In .assessing. the environmental impacts of treated sewage, the

! following parameters are considered: total phosphorus (TP),
biochemical oxygen demand (BOD's), suspended solids (SS), residual

chlorine and chlorinated organics., The discharge of untreated

blackwater directly overboard would have local adverse and short-term

effects upon daily and winter loadings in harbors, embayments, and

during periods of ice cover in offshore waters. Short-term effects

are dependent upon mixing properties of receiving waters, ice cover

in offshore waters would reduce dispersion rates. Compared to other

sources of loadings (industrial, municipal, etc.), annual loadings

from vessels during an extended season were found to comprise less

than 0.1% of the combined loadings from all sources. No long-term

adverse effects from additional loadings of treated blackwater wastes

of commercial vessels are anticipated as a result of extended season.

The economic impact of blackwater treatment and iisposal on

commercial vessels depends to a large extent on the regulations

ultimately in effect. As previously stated, by 1980, Federal law

requires blackwater wastes from ships to be either treated before

discharge or held, and states may petition for "no-dJchtrg&' status.

Ship operators must purchase and install one of thi following: (1)

physical-chemical or biological treatment unit, (2) holding tank, or

(3) incineration unit. Biological treatment units average around

$35,000; holding tanks average $50,000. In general, the econcmic

penalty incurred by ship owners due to the addition of a sewage

holding tank is not substantial, and should not be considered a major

detriment to economic vessel operation during a normal or an extended

season. It should be pointed out that these economic impacts would

be a result of the passage of Pollution Control and Clean Water

legislation, not extended season navigation.
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Graywater

The term graywater refers to vessel wastewaters collected from

galley, laundry, shower, sinks and other miscellaneous drains.

Graywater is not human sewage. A study was conducted and a report

prepared for Maritime Administration and the Corps of Engineers, to

assess the effects of winter navigation on the Great Lakes on vessel

graywater waste disposal.

The report examines: (1) characterization of graywater and

relevant legislation, (2) shipboard treatment systems, (3)

environmental impacts, (4) shoreside disposal facilities, and (5)

technical and economic effects of graywater treatment and retention.

Legislation pertinent to graywater includes an existing agreement

with Canada and the Clean Water Act of 1977. Agreement with Canada

precludes wastewater from being discharged by vessels into waters of

the Great Lakes in deleterious amounts or concentrations. The Clean

Water Act states:

a. in the future, "sewage" will be redefined, for Great

Lakes vessels only, to include graywater.

b. the administrator of EPA shall, with respect to

commercial vessels on the Great Lakes, establish

standards that will require at a minimum the

equivalent of secondary treatment.

c. graywater as defined by this Act excludes laundry waste.

A large percentage of vessels operating on the Great Lakes

discharge graywater directly overboard without treatment. However,

most vessels in the planning or construction stages plan treatment in
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anticipation of graywater legislation. Vessel devices used to

collect and adequately dispose of wastes are called marine sanitation

devices (MSD's). 'The three types of MSD's are described in the

previous Section on Blackwater.

In assessing the environmental impacts of graywater wastes, the

following parameters are considered: total -phosphorus (TP),

-" suspended solids (SS), and biochemical oxygen demand (BOD's). The

envirommental effects of graywater discharge relate to the mixing and

dispersion properties of the respective receiving waters, -and the

content of the graywater itself.

1The discharge of untreated graywater directly overboard would

have the effect of reducing dissolved oxygen of surface waters and

increasing turbidity within the immediate vicinity of a vessel's

discharge in harbors and ice-covered lakes and channels. Graywater

loadings during ice cover may impact upon sensitive coastal

environments and harbors due to lower rates of dispersion and mixing.

Mixing action of waves and currents in offshore waters is usually

sufficient to prevent localized, short-term or long-term impacts from

the loadings.

It is estimated that vessel discharge of pollutants (both normal

and extended navigation season) comprise less than 1% of total annual

loadings to harbors, from all sources. Long-term effects, therefore,

are considered minor with respect to impacts from other sources for

both existing navigation season and the extended season.

For a discussion of shoreside wastewater facilities, see the

previous section on Blackwater.
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A majority of ships on the Great Lakes have the capability to

treat or retain blackwater wastes. Pursuant to the Clean WaterAct

of 1977, the requirement for treatment and retention of graywater

will have impacts on both new and existing vessels. Retention of

graywater wastes for all Great Lakes vessels -does not appear to be

feasible due to: high cost of installation, large amount of space17 required for holding tanks, and the effect of same on vessel trim and

draft. In general, ecomomic impacts of the requirements to treat

graywater upon existing treatment systems will be the requirement to

upgrade existing MSD's to handle graywater, and the costs of purchase

and installation of larger units to handle all waste. MSD's which1are designed to accept blackwater (human waste) are usually not
adequate to treat or retain additional loading of graywater.

Other Discharges

Vessels unavoidably produce several types of pollutants which

must be disposed of in some manner. These types include blackwater

and graywater discussed above, and in addition: bilge waste, ballast

water, solid waste and air pollutants.

Bilge waste, not presently regulated by legislation, consists of

oil and oil-contaminated water and is intentionally discharged from

the bilge (lowest inner part of a ship's hull). Leakage from

equipment, piping or tanks, repair or maintenance of equipment is

collected by drainage to the bilge area. Rates of bilge water

generation vary considerably with each vessel, with older ships

generating approximately 2,600 gallons per hour. Newer ships, less

than 20 years old, generate half that amount.

Ballast waste is water which has been placed in an unloaded or

lightly loaded ship for the purpose of stability. Once in port,
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tremendous quantities are discharged. The amount varies with each

type of vessel and its operation, and an average volume discharged

from Great Lakes ore and bulk carriers is 2,300,000 gallons per port,

visit. This waste generally contains less than 100 parts per million

(ppm) oil during initial pumping, and is not considered a significant

source of pollution.

Solid waste consisting of paper, wood, glass, metals and plastics

is also generated onboard ships. This refuse is regularly disposed

of during port visits.

Air pollutants are emissions from ships' stacks and contribute to

the pollution of the Great Lakes environment. Carbon monoxide,

hydrocarbons, nitrogen oxides, sulphur, and particles are discharged

into the atmosphere. Emissions vary considerably with fuel and

engine type and size. The Federal Clean Air Act sets forth National

Ambient Air Quality Standards, defining maximum allowable ambient

concentrations for pollutants.

Implementation of the proposed navigation season extension plan,

including construction and equipment operations, could alter the

pattern of atmospheric loading temporarily on a local basis.

However, the impacts of navigation season extension are not presently

perceived to significantly alter the air quality of the Great Lakes

region.

Environmental Plan of Action

The Environmental Plan of Action (EPOA) is an environmental

program which includes procedures and methodology for environmental

baseline data collection, monitoring, evaluation, and impact

assessment needed for a comprehensive evaluation of the extended

navigation season program. The cost of implementing the EPOA is

shown in the cost tables for the recomiended plan.
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Pilot Access

Pilots are normally required for foreign vessels in the system,

but not on lake freighters. To allow winter pilot transfer

operations at Detour, -Michigan, at the mouth of the St. Marys River,

the existing transfer boat would have to be replaced by a new

icebreaking tug. The tug would be 50 feet long and have 700

horsepower. Additionally, it would have to be equipped.with window

defrosting, space heating, and a heated deck to allow for safe

movement.

On the Detroit River, near the Ambassador Bridge, the mail boat

currently used to transfer pilots during the open water season would

have to be replaced by an icebreaking tug- to permit pilot transfers

in the winter. The same capabilities to deal with window and deck

icing, mentioned above, would be required on the Detroit River

transfer tug.

On the St. Lawrence River at Cape Vincent, N.Y., there is a pilot

transfer point (see Figure B-54). The pilots are transferred by two

boats, both of which are only capable of non-winter operation. To

allow winter operation, both boats would have to be replaced by new

icebreaking tugs. The tugs would be 50 feet long and have 700

horsepower each. Additionally, they would have to be equipped with

appropriate w4 -. ow defrosting, space heating, and heated deck to

allow for safe movement.

Another alternarve at this location would be to mow the pilot

transfer point fromh (pe Vincent, New York, down the river to

Clayton, New York. The distance from shore to a meeting point with

ships would be considerably reduced at Clayton and there would also

be less problems with wind-blown ice piling up along the shoreline.
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The major drawback would be that new mooring and office

f facilities would have to be constructed at Clayton. Questions

concerning territorial overlap -between open lake pilots and river

pilots would need to be answered as well.

Environmental impacts could result from icebreaking by the

transfer tugs and the use of larger berthing facilities that would be

necessary as a consequence of winter pilot transfer at all three

locations.

Vessel Captain/Pilot Training

In order to enhance the capabilities of masters operating during

the extended navigation season, a comprehensive training program

would be undertaken by industry, labor, ane - ppopriate Federal

agencies. In addition to a formal training phase, including films,

manuals, charts, etc., primary emphasis would be placed on

progressive on-the-job training. To gain maximum benefit from

previous winter navigation experience, an information exchange

program would be organized, highlighted by observation trips on

vessels sailing in ice conditions.

Harbors

Icebreaking

It is anticipated that some harbors will require icebreaking

assistance within the harbor itself. This icebreaking assistance

would be rendered by commercial harbor tugs on an "as-needed" basis.

Costs in connection with commercial tug icebreaking assistance would

be borne by the ship owners and/or port authorities. Those harbors

for which commercial icebreaking services are recommended are as

follows: Silver Bay, Minnesota; Green Bay, Wisconsin; Marquette,
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Muskegon, Escanaba, Ludington, Saginaw, Alpena, and Monroe, Michigan;

Toledo and Huron, Ohio. Additionally, high horse-power commercial

icebreaking tugs are anticipated to be needed at Duluth-Superior,

Minnesota-Wisconsin; Ashland, Wisconsin; Sandusky, Ohio; and Buffalo,

New York.

Although tugs would cause less turbulence than icebreakers,

sediment movement may be more critical in harbors due to -the polluted

nature of many harbor bottoms. While environmental concerns are

similatr to those expressed under the Lakes-Connecting Channels-St.

Lawrence River Icebreaking Requirements section of this appendix,

impacts may differ.

In Duluth-Superior Harbor, as the winter season progresses, the

thickness of the channel mush ice could become so difficult that

vessels could stall. To clear the channel of this type of ice, a

large wide beam mush ice clearing barge and towing vessel, possibly

the buoyant-screw type ice tractor, would be constructed. This barge

and towing vessel would reduce the amount of mush ice by sweeping the

channel and pushing the ice to each side.

Ice Control Structures

Due to the shifting wind conditions on the GreaL Lakes and the

tendency for lake ice to be wind-driven into harbor entrances, it is

anticipated that it will be necessary to modify/reorient harbor

entrances using floating log ice booms. A typ uor or open

lake ice boom is shown on Figure B-28. The harbors where harbor

entrance modification is recommended are as follows:

Indiana Harbor, Indiana Figure B-27

Muskegon, Michigan Figure B-31

Saginaw, Michigan Figure B-36
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Ludington, Michigan Figure B-32

Hurn, Ohio- Figure B-45

Lorain, Ohio Figure B-46

Cleveland, Ohio Figure B-47

Ashtabula, Ohio Figure B-48

Conneaut, -Ohio Figure B-49

'Current and sedimentation patterns may tend to change as a result

of ice control structures. There may be additional impacts to

valuable fish and wildlife habitats as a result of ice boom placement

operations, including the dredging necessary for some ice boom

anchors.

Air Bubbler Systems

Air bubbler systems help keep surface ice thinned or melted, thus

making ship passage easier. Detailed studies indicate that air

bubbler systems may be needed in the inner harbors primarily along

the docks (see Figure B-5 for a typical dock bubbler) and berthing

areas in the turning basins. The harbors where air bubbler systems

are recommended are as follows:

Duluth-Superior, Minnesota-Wisconsin Figure B-4

Ashland, Wisconsin Figure B-6

Marquette, Michigan Figure B-8

Escanaba, Michigan Figure B-22

Alpena, Michigan Figure B-35

Monroe, Michigan Figure B-42

Calumet Harbor, Illinois Figure B-26

Sandusky, Ohio Figure B-44

Huron, Ohio Figure B-45

B-.66



Aids to Navigation

Traditionally, all lighted buoys and radar reflector equipped
unlighted buoys are withdrawn during late November and early December

to prevent damage and/or loss of the aid during the winter. Some of

these buoys were replaced with unlighted buoys not equipped with

radar reflectors. These winter markers would barely be adequate at

best and represent a significant reduction in effectiveness. Buoys

are also subject to being submerged or carried off station by moving

ice. Consequently, the reliability of floating aids marking channels

is reduced, and vessel personnel are often times uncertain as to

their exact position within the channel. The probability of

grounding under these conditions is increased because the aids may be

-off station or under ice. therefore, the U.S. Coast Guard has

recommended the installation of fixed navigation light structures at

critical locations. These navigation aids which are recommended in

conjunction with winter navigation at specific harbors are locoted as

follows: Duluth-Superior, Minnesota-Wisconsin - six fixed navigation

lights; Green Bay, Wisconsin - four fixed navigation lights; Saginaw

Bay, Michigan - two fixed navigation lights; Alpena, Michigan - one

navigation light; Toledo, Ohio - one fixed navigation light.

DESIGN AND COSTS

Costs for the recommended plan are based on October 1979 price

levels and include U.S. costs only and are shown on the Table of

Phased First Investment/Annual Cost by Activity -Recommended Plan

(Table B-7). All cost estimates include engineering, design, and

supervision and administration of construction, based on similar cost

relationships for recent projects. As part of the engineering and

design effort for plan activities, exclusive of the Environmental

Plan of Action, funds up to an amount of $2 million could be utilized

for cultural and social studies.
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TABLE B-7

PHASED FIRST/INVESTMENT/ANNUA COST BY ACTIVi

SCAPITAL COSTS_--

Useful Const. Est. Const. -Engrg. e
Life Period Quantity Cost - :s. Cost A

Activity Agency (Yrs.) (Yrs.) (Each) ($1,000) ($1,000)

ICEBREAKING USCG

Lakes Superior, Huron & Michigan
Type B Icebreaker 50 2 2 90,000 4,500

Type C Icebreaker 40 1 10 25,000 1,250

St. Clair & Detroit Rivers
& Lake Erie
Type B 50 2 2 90,000 4,500

Type C 40 1 6 15,000 750

Lake Ontario & St. Lawrence River
Type C 40 1 4 10,000 500

ICEBREAKER HOORING IMPROVEMENTS USCG
akes Superior, Huron & Michigan
Type B 40 2 2 3,977 318

Type C - with Dredging 40 1 6 4,173 334

Type C - without Dredging 40 1 3 225 18

St. Clair & Detroit Rivers
& Lake Erie

Type B 40 2 2 3,977 318

Type C - with Dredging 40 1 4 2,782 223

Type C - without Dredging 40 1 2 150 12

Lake Ontario & St. Lawrence River
Type C - with dredging 40 1 2 1,391 il

Type C - without dredging 40 1 2 150 12

VESSEL TRAFFIC CONTROL FOR USCG
Prevention of collision
ramming & grounding

Lakes Superior, Huron & Michigan 20 1 1 331 27
St. Clair & Detroit Rivers
& Lake Erie 20 .1 1 495 40

Convoying & Icebreaking

Lakes Superior, Huron & Michigan 20 1 1 10 1

ICE DATA COLLECTION/ USCG
DISSEMINATION SYSTEMS

Lakes Superior, Huron & Michigan 50 1 1 475 38
St. Clair & Detroit Rivers
& Lake Erie 50 1 1 15 1

AIDS TO NAVIGATION USCG
Lakes Superior, Huron & Michigan 50 1 10 5,153 412
St. Clair & Detroit Rivers
& Lake Erie USCG 50 1 4 4,638 371

St. Lawrence River SLSDC 20 1 14 1,920 154

(1)Present worth of capital cost.

(2)Includes interest during construction.
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TABLE -B-7I

/WANNUAL COST BY ACTIVITY -RECMMENDED PLAN

CAPITAL COSTS Total Annual Annual- Total:b~
t. Engrg. U-perv. and () Investment 'Interest .and Operation & Annual

pt Des. Cost Admin. Cost First Cost Cost (2) Aiibftization. -Manten-ance xost

000) ($1,000) ($1,000) ($1,000) ($1,000) Cost-$I ;000 Cost-$1,O00 ($1,660)

-,900 4,500 4,725 60,605 63,424 4,668 1'9130 6,798

1-100 1,250 1,313 19,348 19,348 1,424 2-,450 3,874

,bwO 4,500 4,725 60,604 63,423 4,668 2,130 6,798I

'600 750 788 11,609 11,609 .854 1,470 2,324

' 000 500 525 7,739 7,739 
570 980 1,550

I'9 7 7 318 344 3,170 3,318 244 -- 244
$,173 334 361 3,425 3,425 252 -- 252

2518 19 184 184 14 '1

",977 310 344 3,170 3,318 '244- 244

,782 223 240 2,285 2,285 168 -- 168

150 12 13 121 121 9 -- 9I

*391 ill 120 1,143 1,143 84 -- 84
150 12 13 121 121 9 -- 9

331 27 29 333 333 25 25I

9540 43 498 498 37 334. 371[ 10 1 1 10 10 1 1i 119j

475 38 41 352 352 26 248 274

,153 412 445 3,882 3,882 286 3 289

,638 371 401 3,494 3,494 257 a259I
.,920 154 166 1,931 1,931 142 117 259
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PHASED FIRST/fVESTMENT/AWNUAL COST -BY ACTIVITY:

-- CAPITAL, COSTSW. .

Usef ul 'Const. ESt. Const. ° " 'Engrg., & Sup-
Life Period Qtantity Cost Des. Cost Admi

cActivity Agency (Yrs;) (Yrs.) -(Each). ($IiOOb) $1,000) ($i'

ICE-CONTROL STRUCTURES
Soo Harbor Ice Boom 'CORPS 25- 1 1 -464 37

Soo Harbor Ice Stabilization CORPS 50 1 243 19

St. Clair River Ice Boom CORPS 25 '1 1 1,087 87

Detroit River Ice Boom CORPS 25 1 i 896 72

St. Lawrence River Ice Boom

International Section SLSDC 25 1 11 6,069 485

AIR BUBBLER SYSTEMS CORPS
St. Marys River 10 1 6 1,132 113

LOCK MODIFICATIONS '1
Soo Locks - Lock & pier walls,:' gates, entrance channels &
equipment improvement CORPS 20 1 8,906 712

Eisenhower Lock - Lock & pier

walls, gates, entrance channels

& equipment improvement SLSDC 20 1'3,059 1,045

Shell Lock - Lock & pier walls,
gates, entrance channels & -
equipment improvemefit SLSDC 20 1 -,529 122

DREDGING
St. Marys River -

Middle.Neebish Channel CORPS 50 '2 1 75,732 3,029

COMPENSATING WORKS CORPS
St. Clair River 50 2 1 5,081 406

Detroit River 50 2 1 19,094 1,528

SHORELINE & SHORE STRUCTURE

PROTECTION
St. Marys River -
Shoreline Protection
or Compensetion CORPS 15 1 4.8 mi. 1,571 126

Shore Structure Compensation CORPS -- - -- -- --

St. Clair River -
Shoreline Protection
or Compensation CORPS 15 1 0.8 mi. 246 20

Shore Structure Compensaton CORPS .-- --...

Detroit River -

Shoreline Protection
or Compensation CORPS 15 1 0.8 mi. 252 20

Shore Structure Compensation CORPS -- - -- -- --

St. Lawrence River -
Shoreline Protection
or Compensation SLSDC 15 1 3.2 mi. 1,061 85

Shore Structure Compensation SLSDC -- - --

ISLAND TRANSPORTATION ASSISTANCE

St. Lawrence River -
Grindstone Island SLSDC 20 2 1 1,007 81

St. Marys River -
Additional Ferry
Operation Cost CORPS -- - 2 -- --

(1)pre;ent worth of capital cost.

(2)Includes interest during construction.



F TABLE B-7

/ANNUAL COST BY ACTIVITY - RECOMMENDED PLAN

CAPITALCOSTS 
Total Annual Annual Total

Engrg. & Superv. and (1) Investment literest-and: 'Operation-& AnaA

t Des. Cost Admin. Cost First Cost Cost (2) Amortization" -Maintenance- Cost

000) ($1,000) ($1,000) ($1000) ($1,000) Cost-$1,O00 Cost-s1,O00 ($PLOOO)

464 37 40 382 382 28 87 115

243 19 21 168 168 121 -

087 87 94 894 894 :66 43- 109

896 72 77 739 739 54. 41 95

'.69 485 524 4,998 4,998 368'

132 113 100 1,824 1,824 134 122 256

:906 712 769 8,633 8,633 635 500 1,135

'059 1,045 1,128 12,639 12,659 932 485 1,417

,-2912 12 ,42!,482 109- 256 3655 9122 32 14821
J732 3,029 4,726 53,310 55,791 -4,107 174 4,281

:081 406 439 3,455 3,616 266 59 325

;094 1,528 1,650 12,989 13,593 1,001 146 1,147

1937 176

"571 126 136 1,893 1,893 139 12

--. . 160 160 12 12

"265 
27

,246 20 21 297 297 2227

--... 
370 370 27' 27

5 27

252 20 22 304 304 22 5 2

V0 0 0

061 85 92 1,279 1,279 94 5119

--... 
678 678 50 -- 50

007 81 87 844 883 65

-+. _--12
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-TABLE B-7 ~

PHASED FIRSTIN STEN/ANNUA, COST BY, AC

:CAPITAL COST

Useful Const. Est. onst-e' Engrg-.-a&7
Life Period Quantity Cost, Des. Cost,

Activity Ageucy (Yrs.) (Yrs.) (Each) ($1,00) ($1,000)

WATER LEVEL MONITORING CORPS
Data Collection/Dissemination
St. Clair & Detroit Rivers 50 - - 52 4

Water Level Cages
St. Marys River 20 1 - 151 12

ENVIRONMENTAL PLAN OF ACTION INTERIOr!
(STUDIES) CORPS
Lakes Superi6r, Huron, &
Michigan& St. Marys River - - 57,816

St. Clair & Detroit Rivers &
Lakes St. Clair &-Erie ..... 47,751

Lake Ontario & St. Lawrence Riv3r .... -- 21,003

PILOT ACCESS
DeTour, Michigan NONFED 20 2 1 719 58
Detroit, Michigan NONFED 20 2 1 719 58
Cape Vincent, New York NONFED 20 2 1 1,438 115

ICE & WEATHER FORECASTS NOAA
Lakes Superior, Huron & Michigan 50 1 1 .. 3i5 5

CHANNELS & LAKES SUBTOTALS 400,435 148,699

SILVER BAY, MINNESOTA NONFED
Icebreaking Tug -- 1 --

DULUTH - SUPERIOR
Aids to Navigation USCG 50 1 6 765 61
Bubblers (8-1000') NONFED 10 1 8 965 96
Bubblers (2-2000') NONFED 10 1 2 368 37
Bubblers (1-3000') NONFED 10 1 1 273 27
Bubblers (2-4000') NONFED 10 1 2 685 68
High Power Icebreaking Tug NONFED -- - 1 ....-
Channel Clearing Craft NONFED -- - i

ASHLAND, WISCONSIN NONFED

High Power Icebreaking Tug -- - 1 ....

MARQUETTE, MICHIGAN NONFED
Bubblers (1000') 10 1 1, 121 12
Icebreaking Tug -- - 1 ....-

(1)Present worth of capital cost.

(2)Includes interest during construction.
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TABLE B-7

NT/ANNUAL COST BY ACTIVITY - RECOMMENDED F! AN

CPITAL COST" Total AnAr inual 'Ttal
nt. ".gr & Superv. and () Investment Interet-and Operation & Annua1stor 

t aio a nenanceC s
Des. Cost Admin. Cost First Cost Cost (2) s*z orti x0ado
SELoo) ($1,000) ($1 ($,oo) ($1,000) - s ?la1ne n Cost0 .

52 4 5 40 40 3 52 5j

151' 12 13 154 154 11 29 40

-- 57,816 -- 51,780 51,780 3,811 - 3,811

-- 47,751 -- 42,766 42,766 3,148 3;148
21,003 -- 18,810 18,810 1,385 -- 1,385

719 58 62 674 705 52 28 80
719 58 62 674 705 52 28 80

1,438 115 124 1,348 1,411 104 57 161

65 5 6 48 48 4 244 248

,0,435 148,699 24,987 407,687 417,031 30,696 12,678 43,374

-- 25 25

765 61 66 569 569 42 2 44
-965 96 85 1,555 1,555 '114 473 587
368 37 32 594 594 44 139 183273 27 24 439 439 32 86 118
685 68 60 1,103 1,103 81 199 280. ..-- ...... 417 417

.. 161 161

'121 12 11 194 194 14 59 73
- - .. 5 2 2 5 2 2

121 12 11 194 194 14 59 73

-- -- 71 71

1?f
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TABLE B-7

PHASED FIRST/INVESTMENT/ANNUAL COST 'BY ,ACTI

'CAPITAL COSTS

Useful Const. Est. Cnst. Engrg. &
Life Period Quantity Cost Des.-Cost

Activity Agency Yrs.) (rs. (Each) ($1,000) ($1,000)

ESCANABA, MICHIGAN NONFED

Bubklers (1-1000') 10 1 1 121 12

Bubblers (4-4000') 10 1 4 1,368 137
Icebreaking Tug - 1 ....

GREEN AAY, WISCONSIN
Navigation Lights USCG 50 1 4 2,783 223
Icebreaking Tug NONFED -- - 1 -- --

CALUMET, ILLINOIS NONFED
Bubblers (2-1000')' 10 1 2 241 24

Bubblers (1-2000') 10 1 1 185 18

Bubblers (1-4000') 10 1 1 342 34

INDIANA HARBOR, INDIANA 2CORPS

Ice Boom (4000') 25 1,142 91

MUSKEGON, MICHIGAN CORPS
Ice Boom (7600') 25 1 1 2,179 174

Icebreaking Tug NONFED -- - 1 ....

LUODINGTON, MICHIGAN
Ice Boom (8000') CORPS 25 1 1 2,286 183

Icebreaking Tug NONFED -- - 1 ....

ALPENA, MICHIGAN
Navigation Lights USCG 50 1 1 6.95 56

Bubblers (2-1000') NONFED 10 1 2 241 24

Icebreaking Tug NONFED -- - 1 ....

SAGINAW, MICHIGAN
Navigation Lights USCG 50 1 2 1,391 111
Ice Boom (10,000') CORPS 25 1 1 2,621 210

Icebreaking Tug NONFED - - I - -

MONROE, MICHIGAN NONFED
Bubblers (2-2000') 10 1 2 368 37

Icebreaking Tug -- - 1 ....

TOLEDO, OHIO
Aid to Navigation USCG 50 1 1 1,163 93

Icebreaking Tug NONFED -- - 1 ....

(1)Present worth of capital cost.

(2)Includes interest during construction.

/
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TABLE B-7'

NT/ANNUAL COST BY ACTIVITY -RECONIIENDED PLAN

CAPITAL COSTS Total -Anriual 'Annual- 'Totalnst. Engrg. & Superv. and (1) Investment Interest ind Operation & Annual
Cost Des. Cost Admin. Cost First Cost Cost (2) amortIzaton Maintenance Cast
1000) ($1,000) ($1,000) ($1,000) ($1,000) <dost-1 oo0 cost-$1,00 ($1,000)

121 12 11 194 194 14 59 73
,!,368 137 120 2,204 2,204 162 399 561--- ...... 75 75

2,783 223 240 2,071 2,071 152 1 153
........... -- 75 75

241 24 21 389 389 29 118 147185 18 16 297 297 22 70 92342 34 30 552 552 41 100 141

1,142 91 99 1,079 1,079 79 74 153

2,179 174 188 2,059 2,059 152 141 293
...... 93 93

2,286 183 198 2,161 2,161 159 149 308
-- -- -- 93 93

695 56 60 517 517 38 1 39241 24 21 388 388 29 118 147
.- -- -- 93 93

1,391 Ill 120 1,035 1,035 76 1 77
2,621 210 226 2,477 2,477 182 186 368

-- ---- - 9 3 9- %3 93

368 37 32 553 553 41 139 180
..... -- - -- 93 '93

1,163 93 100 790 790 58 i. 59
-" -- -- -- 75 75
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TABLE B-7

PHASED FIRST/INVESTMENT/ANNUAL COST BY ACTIV

CAPITAL COSTS
Useful Const. Est. Const. Engrg. &
Life Period Quantity Cost Des. Cost

Activity Agency (Yrs.) (Yrs.) (Each) ($1,000) ($1,000)

SANDUSKY, OHIO NONFED
Bubblers (1000') 10 1 1 121 12
High Power Icebreaking Tug -- - I --.

HURON, OHIO
Bubblers (2-1000') NONFED 10 1 2 241 24
Ice Boom (1600') CORPS 10 1 1 500 40
Icebreaking Tug NONFED -- - 1 --

LORAIN, OHIO CORPS
Ice Boom (6800') 10 1 1 1,963 157

CLEVELAND, OHIO CORPS
Ice Boom (4800') 10 1 1 1,427 114

ASHTABULA, OHIO CORPS
Ice Boom (7200') 10 1 1 2,071 166

CONNEAUT, OHIO CORPS
Ice Boom (7600') 10 1 1 2,178 174

BUFFALO, NEW YORK NONFED
High Power Icebreaking Tug ....

HARBORS SUBTOTAL 28,925 2,427

GRAND TOTAL 429,360 151,126

(1)Present worth of capital cost.

(2 )Includes interest during construction.

[ui I
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TABLE B-7,

/ANNUAL COST BY ACTIVITY - RECOMMENDED PLAN

CAPITAL COSTS Total Annual Aihual Total
st. Engrg. & Superv. and (1) Investment Interest and Opeatiorf& Annual

st Des. Cost Admin. Cost First Cost Cost (2) Am6rtization Mafntnani -e Cost
000) ($1,000) ($1,000) ($1,000) ($1,000) Cost-$1,000 cost:$,b00o ($1,000)

,121 12 11 i81 181 13 §. 72
,- .......... 522 522

'241 24 21 362 362 27 '.118 145

'500 40 43 736 736 54 84,
......... 93

'3963 157 170 2,890 2,890 213 126 339

427 114 123 2,100 2,100 155 89 244

P'071 166 179 3,050 3,050 225 135 360

2,178 174 188 3,205 3,205 236 140 376

-- -- -- -- -- -- 417 417'

8,925 2,427 2,506 33,938 33,938 2,498 6,189 8,687

9,360 151,126 27,493 441,625 450,969 33,194 18,867 -52,061,
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The first costs for all the improvements shown in the following

table Include both capital costs and replacement costs.. Replace-

ment costs for each particular improvement were discounted back to

present worth at 7-1/8% based on the useful life of the improvement.-

For example, if a certain' improvement has a useful life of 10 years,

then it was assumed that replacement costs wouldoaccrue in the 10th,

20th, 30th, and 40th year of the 50-year project life. This stream-

of replacement costs was then discounted back to present worth and

combined with capital cost and interest during construction to derive

the total investment cost of the improvement. Interest during

construction was accrued to items of two or more years construction

time.

Estimates of annual costs were based on an economic life of 50

years. The estimated total average annual costs include interest,

repayment of the principal (amortization), and operation and

maintenance charges. Operation and maintenance charges for the Great

Lakes-St. Lawrence Seaway System include floating plant, such as

icebreakers and icebreaking tugs, mooring facilities for floating

plant, ice booms, air bubblers, navigation locks, aids to navigation,

dredged channels, and compensating works,

The first costs, total investment costs, and annual costs for the

recommended plan shown in Table B-6 have been time phased in

accordance with the Phased Implementation sequence discussed earlier

in this Appendix. The base date for all costs is 1987, the same as

that of the benefits.

In deriving the United States costs on the Great Lakes boundary

waters, two assumptions were made: (1) for the St. Lawrence River,

the U.S. would pay for 100% of all improvements within U.S.

territorial area as well as 50% of the total cost of facilities

bridging the international boundary. Conversely, it is assumed that

Canada would pay for 100% of all improvements within its own
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territorial boundaries, as well as 50% of the total cost of facili- (.

ties bridging the international boundary; and (2) for the St. Clair

River-Lake St. Clair-Detroit River System, the ,U.S. would pay 50% of

all ice control structures and compensating works required within the

system. It should be noted that this U.S./Canada cost split is an

initial assumption and is subject to negotiations between the U.S.

and Canadian governments.

PLAN IMPLEMENTATION

Survey Report Approval Process

The Final Survey Report is defined as the best report that can be

prepared with the given time and money constraints. It defines the

problems,, needs, and opportunities, draws conclusions, and makes

recommendations within the limits of available data. This report

will be made available to the public for review and comment.

A final environmental statement has been prepared and is

presented with the Main Report.

The current completion schedule for the survey report is as

follows:

Activity Completion Date

Division Engineer Notice and Submittal December 1979/

to Office of Chief of Engineers and Board January 1980

of Engineers for Rivers and Harbors

Following the issuance of the Division Engineer's public notice

of the report completion, the survey report would be reviewed by the

Board of Engineers for Rivers and Harbors and the Office of the Chief

of Engineers.
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The Chief of Eigineers would'traismtit -the survey repoft to the

CI Gove 6ors of the affedted'Stdtes-afid to interested :Federal agencies

for formal review and comment.

Following the above State and interagency review, the final

report of the 'Chief of Engineers would be forwarded to the Secretary

of~the.Army. Subsequent to seeking the comments of the Office of

Management and Budget regarding the relationship of the project to

the program of the President, the Secretary of the Army would for ard

the survey report to the Congress.

Congressional authorization of any recommended navigation

improvements is required. This procedure includes appropriate review

and hearings by the Public Works Committee.

If the project is authorized by the Congress, funds would be
,f

requested through the budgetary process.

If the Congress appropriates the necessary initial funds, formal

assurances of any required local cooperation would be requested from

non-Federal interests, prior to initiation of construction.

It is not possible to accurately estimate a schedule for the

above steps at this time, although it is estimated that at least two

years would be required before any authorization could be expected.

Phased Implementation

Although this study is being pursued with the objective of

achieving a Single-Phase Construction Authorization for the entire

Great Lakes-St. Lawrence Seaway System, it is currently planned that

the project would be implemented in phases. This is due to current

constraints such as the lack of an active co-participation agreement
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with the Canadian Government. The proposed phases are illustrated in

Plate -Br.. Benefit-cost analyses for these are presented in Appendix

DrEcon6mics, Benefits and Costs. The alternative phases are:

Period of Extension

Lake Superior
St. Marys River St. Clair River Welland Canal
Lake Michigan Lake St. Clair Lake Ontario

Alternative Straits of Mackinac Detroit River St. Lawrence
Phase Lake Huron Lake Erie River

(')Base

Condition 1 Apr - 31 Jan 1 Apr - 31 Jan 1 Apr - 15 Dec

1 Year-round 1 Apr - 31 Jan 1 Apr - 15 Dec

2 Year-round 1 Apr - 31 Jan 1 Apr - 31 Dec

3 Year-round Year-round 1 Apr - 31 Dec

4 Year-round Year-round 20 Mar - 31 Dec

5 Year-round Year-round 7 Mar - 7 Jan

6 Year-round Year-round 7 Feb - 7 Jan

(1)Base condition - March 1976 Interim Feasibility Report
recommending extended season navigation on the upper four Great Lakes
to 31 January (+ 2 weeks) using only existing operational measures.

(2)This is the recommended plan.

To be done concurrently with the implementation, during the first

10-15 years of the advanced engineering and design, construction, and

operations phases of the project, would be an Environmental Plan of

Action. This plan of action would be designed to provide an adaptive

mathod for determining the environmental feasibility of an extended

navigation season program and to provide assurance that winter

navigation would be conducted in an environmentally acceptable

manner, with provisions made for accomplishing any necessary

mitigative actions.
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The 'ivironmental Plan of Action is an integral part of the

Adaptive Method described earlier in this appendix. The method would

be completed in the post-authorization stage.

Programmatic Environmental Statement

The Environmental Impact Statement (EIS)is programmatic in

nature, addressing the impacts of the entire program on a level of

detail less precise than, but supportive of, the engineering studies.

The programmatic 'EIS addresses the known and potential primary,

se;.condary, and cumulative impacts of the program on a regional scale,

and provides the program to determine and analyze the environmental

data and information for the detailed fcllow-on EIS's.

For those areas where a need for information exists, an

Environmental Plan of Action (EPOA) has been developed to provide for

the remaining data considered necessary for a comprehensive

evaluation of the authorized Winter Navigation Program.

Environmental Plan of Action (EPOA)

The EPOA, prepared by the U.S. Fish and Wildlife Service and the

Corps of Engineers, has been integrated with the recommended

engineering program to extend the navigation season. The EPOA

provides for obtaining the remaining data and define the appropriate

methodologies and assessments essential for understanding the

environmental implication of the recommended program on the entire

Great Lakes-St. Lawrence System. The EPOA lays out a plan for

confirming environmental feasibility of the recommended program to be

accomplished concurrently with the phased design, then construction,

and then implementation of an authorized extended season program.

Appendix E contains the EPOA.

Assuming Congressio nal authorization of a Federally assisted

Winter Navigation Program, the project would then move into advance
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engineering and design phases prior to construction and operation

which is briefly described in the followingparagraphs.

Post-authorization - Preconstruction Planning

The first step of the post-authorization process is advance

engineering and design (AE&D), which consists of three phases: Phase

I General Design Memorandum (GDM), Phase II GDM and Feature Design

Memoranda, and' preparation of Detailed Plans and Specifications. It

is important to note that the post-authorization steps are standard

courses of action taken for any authorized civil works project.

Project design becomes progressively more detailed and finalized in

each phase of the process. The adaptive method approach will have a

significant role in each phase as described below.

Phase I GDM. The objective of the Phase I GDM Program--the

reaffirmation or reformulation phase--is to bridge the gap between

the time 'qhen a survey report is completed and authorized, and the

initiation of detailed engineering and design of the authorized plan.

During the authorization period, changes may occur that could affect

the formulation of the authorized project plan and change the

authorized plan significantly. The Phase I GDM study seeks to

identify, assess, and evaluate changes in order that an affirmation

of the authorized plan can be made in light of current conditions and

criteria, or a "reformulation" of the authorized plan may be made

where these changes are significant.

The adaptive method approach during this preconstruction phase

includes: implementation of design-specific and systemic baseline

environmental studies as indicated by the EPOA; and secondly, it

would provide individual assessments of those activities

significantly interacti.ng with the environment, and, when necessary,

provide environmental statements prior to construction/operation of

the individual activity based on additional information provided

through implementation of the EPOA. This approach will refine the

detail and location of impacts identified in the programmatic EIS. -
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Individual environmental statements would be developed as appropriate

for each of the project's Separable elements, addressing site

specific impacts at a level of detail equal to that of the

engineering studies. The post-authorization EIS for each Phase I GDH

will refine the breadth of impacts identified by the programmatic EIS

as well as information gained through the baseline studies begun in I
this phase.

During the pre-construction phase, mathematical and physical

models as well as vessel transit tests of the system are proposed for

the International Section of the St. Lawrence River.

The design-specific environmental studies, begun during this

phase, are being scheduled to be completed at least twelve months

before completion of the Phase I GDM. This would, if necessary,

provide for incorporation of changes to the authorized plan where

such changes are significant.

Phase II GDM. After approval of the Phase I document, a Phase II

General Design Memorandum Stage would be initiated. The Phase II

document would be primarily a functional design document.

Activities under the adaptive method approach in this phase would

continue to examine baseline studies conducted in Phase I. While no

formal environmental impact report would normally be required other
than archaeological reconnaissance as necessary, design details would
be sensitive to specific environmental and social concerns surfaced

after the last formal EIS (in Phase I GDM). Should the designs

undergo significant change, new EIS's could be required.

After approval of the Phase II General Design Memorandum,

specific project feature design memorandums would be prepared for

each major element of the project. Each of the feature design
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mem6raidums would, where practicable, include sufficient design data t
to establish the interrelationship -between engineering, the (f
environment, and other design aspects of the particular feature.

Following this step, detailed plans and specifications would be

prepared on the specific project feature to enable construction of V
the project. Site specific EIS's could be required for each specific

feature, depending on the adequacy of previous statements.

Ppst-authorization - Construction/Operation

During the construction stages of the program, the emphasis of

environmental effort would transform from establishing baseline

conditions to monitoring of "with" project conditions. This

monitoring effort would provide a means for determining whether or

not the impact predictions were correct and no unacceptable adverse

impacts are or would occur with continued operations. Subtle or

cumulative impacts could be determined. Due to the flexible response

to environmental concerns as part of the adaptive method, all actions

during construction and operation stages would be sensitive to any

adverse project induced changes identified by the monitoring effort.

The monitoring effort would continue in the operational phase and

would culminate in the final evaluation or validation report. It is

at this validation point that the overall project would be evaluated

in light of project induced changes, a validation report prepared,

and the report subsequently provided to the Congress for its

information.

Summary

The adaptive method would provide the mechanism, in concert with

the advanced engineering and design and construction and operation
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i (9 phases- of the project, for 4 sequence of information gathering,

4 impact predictions,, and mnitoring to further evaluate and assess the

validity of earlier impact predictions. Through the adaptive method,

construction would not proceed until adequate environmntal

assessments and' statements have been completed during the

pre-construction phase. In, addition, the adaptive response mechaniom

would provide, when and where necessary, 'for modifying

construction/operational activities to reduce or eliminate

unacceptable impacts identified by proposed monitoring programs.

Results of the adaptive method would be culminated in a validation

report and provided to the Congress.

To implement the project, a joint United States-Canadian Board

has been recommended to oversee: engineering/planning, construction,

environmental monitoring and, operations to insure -that implementation

be a coordinated effort.
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ATTACHMENT 1 'TO',,-APENDX B '

EVAI1TAUON40F 1IT1~NTIVES, -

ee. are'"~ 'Vv,' t -,8

Colored shetarpriddp. d#' uil -i
attachmnt frnomn.6 the qst_ f qor

This attadmnenv presents the paPl Zt km

di'scussion anc4 ev~a44ation of a~ternativebi -ue

in, the selZection of th ?_,stuqq prdosed, p I~

Thes~e pages, have b een extracjted- frc m the, March

1096 lnt~imi -Peas i'iiity Repor~t (Voiwne 1

Ma4i) Report). on. the Creot L~akes - St. Lawrence

Se(ay, Navigation Season Extension, Survqy

Stu~dy -Rouse, Document No. 96-181.

Piocedures used- i devzjdopiWg 'thi'- m Zysi

remailn -Od4 though refinements made in, the

final farmulation. of the recommedd plan fq~o

this Fi;:a1 Survey 'Report;have6 resulted in the

outdating of certain details in this attachment.

POSSIBLE SOLTI~ONS

During the prelipinary7 phase of this study, alternative solutions

were developed for consideratlon and. eValuation. To help insure that

the best ovve 11 plan- is developed, the range of aclternative plans

vq devel~oped baseff-on different sets of formulation ctS-teria as dis-

played in--the. previous paragraphs. This task provides for developing

alternative resource managemen -t systems that address the planning

-oj ertivg'of the ist'idy.

The a-lrernativ4;' p'lans developed ate-:

a_~ Traditional Navigation Season, this alternative describes

tzaditJonal winter operation of commercial navigation on the Great Lakes-
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S8t. Lawrence, Seaway System p#i0- totei~ tibn ,of tihie!eio6n'trat io n

Program portion of 'the winiter nav4.gation study in, 1971j, Prb "t6 19Th'
vessl oeraiors csd operations #pdurinig the wintfer 'mouiths, frm b-

hid-Decembei to, until early Apil&ed-Aing #-On canwehr
conditions. Extact dates varydenigupnatl codtifs rm

year to--Y yat-.

b.- Fixed" NaainseAsoh: Same a6 Thaditiorfal Navigation Sgeagon,

alternative, howevert, a f ixed-navi'gation. season, would be ipinpoiid on, the

St. Marys River at the 'Lock 'facilities, between 1 April anid 15-b ecetib erk.

Traditional navigzation, would'-occur In the remainder of 'the system.

c, Extende6d Navigation, Season:. This aternadtive addresses

the e6xtension of the navigation season: in -the, entire Great, Lakes-!

'St,, Lawrence seaway System to as-much as 12 mfonths or year-round,.

Further detiled ddscription o0f each of these three alternatives,

together with-their 'oiftribiitiona'z -, the ,planning -objectives' -of the,

study, are displayed in the following. section entitled "Solutions,

Cons idered 'Fur ther." ach- of ths lentvsi onsiderdd feasi-

-ble 'solutionr and', consequefitly, is considered for further anialysis4

SOLUTIONS CONSIDERED FURTHER

TRADITIONAL NAVIGATION SEASON

Basically this alteriiAtive,, which is non-strucitural,. .escribets

the tradiLtional winter operation on the Great Lakes-St 1 lawrence Sea-

way-System (iLe. 'base, condition) e Prior to 19'67, comezdidl 'navigation

on -the entire system generally occurred between 1 April and 15.December

(i~e. normal 8-1/2 month shipping season). Any pre- or post-season,

extension generally was, and. still is, curtailed by suth Items as.

weathe. severe ±ce conditiotis in the h~arbors, locks, lakkes, and,

connecting channels; increased marine insurance costs; irtability of*

'vessels to-operate in ice conditions because of low powdr and lack of

winterized vessel quarters; and ice booms across navigation chafinils

in the St. Laigrencc River.
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Generally, under existing condfiitions, general cargo m6vement. s

moved-by ,alternative modes of transportation duiing he wtier 'months.

(shipping copaixie' :consider stockpi-ling of generai cargo, uneconoi i- -"

because of its, relatively high ,vaiue per ton as compared to bulk caro)

whereas, bulk :comtditkes are, stockpiled, during the winter months b

.cause of their reatively low.. value per, ton- as dcompared' to. general ,cargo,

.(shippers consider it more economical to stockpAle, bulk commoditie,
such as irongre, grain an& stone products, during th winer qmonths .

'than ship the commodities by alternative modes of transportatio). this

type of -operation is expected to continue under this alternative.

There has-:been traditionaly- for years intralake traffic on the

Lakdes primarily Lake Michigan and western Lake Erie, and also along

the St, Clai:-Detrit Rivers during the winter ,months: for transport

of principally petroieum, coal, stone products, and iron ore. This

traffic is expected to continue under this alternative.

-Table D- displays, a summary of these commodities.as, collected:

by telephone surveys and from vessel receiving reports provided by

the shipping, companies for the past four years from 1971 to 1975 (data

prior to 1971 is not available for cargo movement after 15 December).

This data is considered to be indicative of the expected commod'ity

movement in the future under this. alteriative.

TABLE D-I

NORMAL INTRALAKE WINTER TRAFFIC '(1971-75)

(1,000 Tons)

Commodity 71-72 72-73 73-74 74-5"

Iron Ore 39.0 951.9 1,024.3 1,376.2

Grain - - 119.0 119.8

Coal 1,064.7 563.4 1,534. 1,724.9

Stone 140.5 464.0 1,096.6 1,078.1

Petroleum Products 366.6 727.4 958.2 812.6

Other 34.4 227-.2 798.3 369.7

TOTAL 1,643.2 2,933.9 ,531.1 5,481.3

- * - These years are based on more comprehensive shipping data and are

more reflective of normal winter traffic +han figures shown for
71-72 and 72-73.
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-Because of thej ihYsical chdaateristics,-of Lake Itich~'igti l~ttle
stable ice, 'forms on the, lake, pr oper except in the mist 'nrieiy eahes

(IGreenBaty, Straits, of Mackinac), along the6 shoreline adin h Ar
areas.. lake :Erie, ,because. of its, sq1ldV0Etsi generally, freezes ove;

however,, ice -conditions- Are 4not 'ic ntewsenedto Iu#06de vesse

movement., If there, ate, any prob1ems, in either -Lakes "Michigan- or Erile,
U.S. Coast Guard icebreatking assistance_ is available under their own

operation al support policies '(i. ~a. to medt-reasonable demands.o-.f commerce)

Th4e Great Lakes connecting channels between Lakes Superior and

Huron, and Lakes Michigan and Huron, namely-the St., Mdrys -River and' the.2
.Straits of Mackinac, res.ectively, freezeovgr ontitely during the,

wzinftrmonths and are difficult to navigate without icebreakingz assis-

tance 'from the ,U'S. Coast Guard. Iqe thickniesses up to several feet:

in-both these areas, tight turns in theSt. 'Marys River, lack, of ~winter-;

ized ~navigation aids, low power -capabilities of vessels, and increased

risks reflected in increased'marine insurance costs have in the past
discouraged shipping during the winter months in ,these' areas. Thb

folowing, chart displays the ,number of years,, out of the'last 31 yearsi

that the air temperature has been belowi and, above. the average:,piean

temperature for the Sault Ste.* Marie,'Michigan area.

Number tit-Years
HistoricalAvetage Air Temperatuie '(becj-Apr .)

Sault Ste, Marie, Michigan

Below Averitge Above

i944-54 0 9

1955-64 2.71

-1965-75, 3 71
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The locks at the St. Marys ails Canal at Sault-Ste. a,,i"a-qid

Michigan,.have trad$iindily ben,opin: ,to shipperS only, I9t meet the

rreasonabie- demands of commer.e -to the extent 'that weather and ice -

,conditions permit. This type, of operation. is -expected, to continguet, "

Vessel movement during, the winter -months -in- the St. ,Clair4Lake S1.

Clair.-Detrdit Rivers System,,has in, the past been minimal withe ,ex-

ception,of stone movement from 'Lake ,Huron into the,:St.. •Clair-Detroit

Rivers, coal movement to Detroit from Toled6, and oil movement between

Sarnia, Ontario and Detroit. This movement is expected to continue.

The 'St. Clair River does not generaly freeze -over ,-however, it is

occasionally laden with broken ice floating into .it from 'Lake Huron-

in addition, 'to ice generated within its boundaries. This broken ice,

has a tendency to jam in the ,constricted areas of the river, 'i parti-

cular at the lower end of the river at the headwaters of Lake :St .

Clair. Lake St. Clair generally free.es over in its entirety and is a

prime ioc6tion for winter recreation activities such as icefishing. The

Detroit River is relatively ice, free except-during thaws or the, spring

ice breakup period where ice from Lake St, Clair floes into -the -,river,

Any shipping, from the St. Clair River to Lake Huron, ,r vice

-versa, has been discouraged during ,the winter months because of. the'

fragility of-the natural ice bridge at the headwaters of the St. :Clair

River, Whenever this ice bridge collapses, whether it be by, natural

forces (wind) or by vessel movement through it, broken ice-lS..permitted

to floe into the river and has on occasion created flooding in the lower

St. Clair River due to ice Jamming in constricted areas and rethrding

the flow in- the river. This situarion is expected to continue,

As stated before, vessel movement has traditionally occurred in-

the western end of Lake Erie. The eastern end of the Lake near Buffalo,

New York, is a natural constriction and prevailing east-west winds pile

large quantities of ice in this area making, shipping very difficult,

particularly in the spring. Therefore, ship movement is expected to

continue principally on the western end of the Lake,
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',The opening and, closing dates , he Welland. Caal 'and its -lodks 0

:have been consi-stent with- the correspondig dates 'of -the lotks pi he )h

St. Lawrende jiver. Vesselt movement 'throUgh the, ,elland.Canal i the

past', generally, a. -the end of the :8-1/2, month-normal shippin season,

goes infto-or through the S away, or goes. into La6o Ontariio ports. for

winter lay-up.

in 'summary, under the Traditional NaViation Season, alterfiatiie.

there is no planned season extension for the efitire system; however,,

intralake movement, on LakesMichigan and Erie ofnd m&-cement on the 'St.

Clair-Detroit Rivers is expected tO continue throughout the winter

months. This plan would continue to enable low cost bulk commodity

-movement into 'the winter months. Vessel movement in the ,upper four

Lakes, including the St. Marys River and Straits of Mackinac, would

still be at the discretion of the shipping companies, and largely

dependent upon the severity of ice and winter conditions in the con-

-necting -channels- as- well. -as, in. the- ports-of'-odigin -anddstination-

The Welland Canal and its locks and the St, Marys Falls Canal

Locks are exPected' to remain Open to. shippers only to meet the reason-

able demands of commerce to the extent that weather rand ice conditions

permit.

Navigation on the St. Lawrence River ceases when in the judgemnt

of the Seaway operating entities (St, Lawrence, Seaway Development Cor-

poration-U.S., St. Lawrence Seaway Authority of Canada) ice and weather

conditions preclude safe and efficient navigation on the St.- Lawrence

River, It is a long-standing US, policy and' specific US./Canada

agreements that operation of power works, and specifically the ice booms

installed yearly on the river by the power entities, do not interfere

with navigation.

On the St. Lawrence River, no change in the current Operating ,plan

would be contemplated under this alternative. Since the St, Lawrence

River would be closed during the winter, enhancement of year-round over-

seas trade is not foreseen.
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This pladn would-only contribute 'to, national economic benefits.-

-consistent with, the :existing growth trend Ofb the -region,., tExitig -

o erational measureswO uld coninue to beaVailable in the winter,

Sault Ste. Harie, 4ichigan, basedion th&_e'sverity -of wiater andi reaon-

able de mands of coomerde,. but not at a, level required ,for an. ex

tended navigation. season ,program.

Since this plan does not have :any structural improvements or

mitigation measures, adverse-environmental andU,,ocial effects, on"

shore structures, shore erosion., island -transpottation and' power

product1on, paftJ.cu1arly in the St. Marys and St. 'Clair Rivers would

continue to, ccur. Contributions -to these effects would, be from

,natural conditions -(i.e. thawing, winds).as well as commercial vessel

'movement in ice-covered waters.

Estimated costs and benefits, at December 1975 price levels,

are as follows:

Investment Cost; N6 estimate

Annual ,Costs: ,No estimate

Annual Benefits No, estimate

Benefits/Costs No estimate

FIXED NAVIGATION SEASON

The 'second alternative considered, also non-structural, involves

the same type of operation as the Traditional Navigatiufn Season alterna-

tive. However, a fixed navigation season would be imposed on the ,St,

Marys River at the lock facilities between 1 April and. 15 December.. In

this plan a notice would be distributed to shipping interests, stating

that the Soo Locks would remain open no lAter than 15 December and would

reopen no earlier than 1 April. Earlter Plosing and later opening

dates would be dependent upon ice and weather conditions. Tradi-

tional navigation woulP occur in the remainder of the t-ystem as

described under the "Traditional Navigation Season".
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This- alteiatlv , which would. be ap plied only. -o, :the Sti. -Mirys.-

-River, is &-onsidered, to be the m0o' ,environmentally acceptabe or

that area because it woula Lend to.mi.ie po6t nti4-d, other,-

than 'that daused',by natural phenomen&a, This. alterndtive.would also-

Iminiaze the effects upon-ppwer' prodition.,and- recatonal ...

activiti±es in-'th6ese-ice-covered constricted .areas -a§.,4, result of

vessei movement. TIh addtioii,, this .plan-.wou-dl reduce the ,existing - Ii
growth frendof the region- by limiting the utilization of existing:

faciiities, and services.

Instaiiaton 'of the ice booms on the St. Lawrefice River is expected.

to, -continue, as, decribed under the, Traditional Navigation System.,alterna;.,

tive. Operation of theWelland Canal is also expected' to be the same,

as under the Traditi6nal Navigation Season alternative. As. in, the Tradi-

tional Navigation, Season :alternative, enhandement of year-round overseas

trade is not foreseen under this •plan.

Estimated costs -and, benefits, at Decembr ,1975 -price -levels, re

as follows:.

Investment Cost: No estimate

Annual Cost No estimate

Annual Benefits, No estimate

Benefits/Costs No estimate

EXTENDED NAVIGATION SEASON

The, third alternative considered, which includes b6th non-

structural and structural measures, involves the extension of the

navigation season in the entire Great Lakes-St. Lawrence Seaway System

to as much as 12 months or year-round constrained only by economic,

environmental, engineering and social effects. For study purposes

thr-ee periods of navigation season extension were evaluated. These

are (1) extend to 31 January, (2) extend to 28 February, and (3)

extend to year-round.
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The, Demonstration. Program, ft6m i971t6 1974, showed, vessel

movement through the St. Marys, Ri ry, whidh- is -onsidere, to -b

Oneof -the ,mo.t difficult connecting ihanels- o navig t& during

the winter,, to 29' January,, l February, 8 Eebuary and 7 6ebruary,

respectively. ,Virtually no permanen t structural Impovments

were .used. The 1975 ooperatioo in the St. Marys River, 'aid upper

'Great Lakes went -to a record yeat-round- extension due to -above

-normal- winter donditios:.

Navigation suason. extension can, provide And enhance national

'economic -and environmental 'benefits and wou] ccontribute to the

social well-beiig,-of the entire 19-state Great Lakes region.

There, would ,be ,three primary economic benefits, derived from winter

'navigation. First, -there wiil 'be considerable savings -from -transporta-

ton rate differentials compar.ing -overland and waterborne transport modes

second,, savings froin treduct& stockpiling,, andling and real -estate Invenr

:tory, costs;, and third-,. savLngs from 'better use of the existing Vessel fleet

Increases in overall regional property values -could be expected.

Business and industrial activity, would :be stimulated. Seasonal use, of

locks,, harbor and port facilities would be reduced. Production, income

and employment would be stimulated.-

Improvements, such as ice iontrol devlkes, irk the, Sto ,tarys and,

St. Clair Rivers would enhance power production by minimizing naturally

( B1-9
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occuring ieasincstricted rkeache§ -0 -the T*Ve'~ taiatv ~ 'o

tet.rec Rvrw.l 'be in giabs"ehn Rntei ,epprts,, ,petoi

of. ferry. trans ,ortationi in thd,,donhectig aqhnfie 4ibuld 'also e

During the ifiiia,,.phases.,of implement tion f this axnrl

maxm1 'use of f'acilities would ,be realized 4ijhA iinimiun of,

-capital expentdifuresi

Th isln through-the. use- of Improved shore -and-on-! board:

,navigational -aidsi ice weather collection and dissemination sstems,

wyinterized. vessel quarters and improved -safety an4 -sutviyal techniques

,would enhance, the safety, and welf are of the vessel crews, l p1inthe ice-

covered, watersE .

In -additio this,,pla~n would,, through extended se6asont na vigation

inthe -St,* Lawr~ince -River, enhance year-round' oveirseas trade, of, general'

-catg9 which would, in -turn, enhance productjon, income ftnd-A_1 4miyin

the GreatLakes' 'hinterlAn',region', in addition to ithaC stimulate ,by

ifitralake bulk cargo-movement,

Esti&ated costs, and benefits, at December 1975' fpt3.ce'levels -re

as follows;'

Great 'Lakes-St, 'Lawrence SeawAy-

-Extended Season*

31" Januair 28 February errud

Investment Cost: S264,838,oco' $329$523,600 $329'542,000'

**Annual Costs;' 23,447,000 '1 0,766,000 $330808,000

Annual -Benefits 78,100,000, $176j300,C00 $200,900,,000

Benefits/Costs, 3.3 5.7.59

*See Appendix V

**-Total U.S., Costs w/o Lock Twinning

Prior to the initiation of the Demonstration Program, many possible

conceptual non-structural and structural ~measures-to extend the naviga-
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tion were conisidered and, -presented, in,.a Preli#iar 1tasibjil~ty Repo.

on Navilgation Season Extdnsin. Inthe ,reOt. Lakes-Spt. ULwende :Seawa

Systemwhich was, -prepared -in 1969i. These, Are, listOd zt theq foo 40#
tion _entitled "Possible 'Measureqs."

-Thrqu.h the advent of the, Demntratin~ Program au thorized in.-19.70
and'results, of -Actual field' and& detailed- -scope, 6tudoe's conducted under,
'this pror, s-ce 11 spcfcieswr b -obe .tested. And-more,

specifical-ly identified, and-as a result were considered, further a6s

feasible means of extendingz the navigation season. these ari- )L Sted;

un~der-the followiing, section entitled llkeasures; Considered Further,."

,Possible Measures

The possible measures for- exteniing, the navigation season are 'in

four main, categories; Ice itorm iqn, ice- n~vaii n 1ce cp Ltrol and.

ifafiagfment, -and associated problems attributed ,to extendd. season

*tavigation.

Ice Iniformuation

The followlng.solutions to the prdbiem areas of ice information

were considered;

a. Expansion of the existing Coast Guaxd Ice Navigation-Cenxter

to pZ.ovide daily reports and, ice and'veather forecAsts to-1

vesojel operators on' weather and. ice conditions.

b. Delielopment of short and long-term forecast techn1qes foiz

ic'e formation anld growth ,on the Great Lakes and Kl6ngte~ti

$;Jreezeup and breakup- on the St. -L~ence River,

c, Gather informatioii using conventional aircraft equipped with,

side-looking airborne radar; infrared, scanning of ice. cover;

conventional photographic mapping .of the Ice extent Aa
topography,; znd adto-11ite imagery,

dj Monitoring of ic,,L conditions by physical measuremlent qf Ice

thicknesses and ice t4jpe at selected locationls,
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-Ice Nadvigation.

'The fojloing -solutions, were, conided fo -h rbesof ice ,

A. Usiiof' cdnventianal icebreakeris.

b, Q~e iceplow ,to pufh, ice -to side of commecial shipoIigqack..
.C Apply stkengthening, to- hull of- comrcial yes l o-d1t.ie

d . Equip, -lake ca Ao-vesseisw%ith icebreakinig bows
e. Increas;e lake Vessels icebkeaking capabil4ity with .upwarad.break;-,

ing,.bow plus a bulb which-would add' buoyany, to the bow.
f., Use fixeAdo floating ice 'buoys :(1ighted-,and, unlighted)..

S., g R" dy' vessel track Inf ormatiq# to, the users, u poni requed

by-the -local Coast 'Guard units.

h. Precise electronic navigation sygttsi

ii ;Radar Transpond~et Beacons -(PApONs)

j."Fo1,owrthe"Wir&'. navigation, aid syster.

k., Channfel d'rddginig.A

1. Automated Vessel 'r'eporting systeirv
m, Usd gates olr provide gaps in ice booms to allow -pgssAge -of k

Vessels.

n. Provide -mooring improvements at selected harbors to 46.,immdate,

icdbreaking Vessels.

Ice Management and. Control

The following solutions were considered for the -problems of ice
management And control:

a. Air~ bubbler systems in channels and harbors to-=cnvey warmer -k

water from the bottom to the su~rface to reduce or reta,,d ice

formation*,

b, Thermal chea valves to provide heat transfer fr1fi the warmer

water on the bottomn to the #e-cover on top-.

c. Cribs to mailntain fice as indulation. -

d,* Ice booms to maintain ice as insulation.
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e. Stabilized, biodegradable foam as 1ie retardant.

f. Flow diversion to maintain velocities sufficient to prevent

ice formation.

g. Geothermal heat.

h. Solar heat.

i. Dusting of ice to facilitate icebreaking.

j. Ice barge with saws or water jets to cut through ice.

k. Propeller unit to erode ice in harbors.

1. Ice sluices to divert ice in channels.

m. Restrain ice from locks by floating box beams.

n. Use sector, rolling, vertical lift, or tainter gates in locks.

o. Lock facility improvements such as safety boom and gate

engine pit enclosures, air bubblers in gate recesses, modifi-

cations to existing floating plants for winter lock mainte-

nance, and vertical lock wall ice removing heating of the

lock walls.

p. Inclose and heat downstream side of lower mitre gates.

q. Use banks of heating lamps on lock gates.

r. Apply anti-icing coating to lock walls or use a steam clean-

ing 3ystem.

s. Divert warm discharges from thermal power facilities to

maintain ice-free channels.

t. Use of a channel clearing barge unit for removal of ice from

navigation channel.

u. Dredging of channels in high velocity reaches to reduce

velocity and assist in establicbing an ice cover with the

use of an ice boom,

Associated Problems Attributed to Extended Season Navigation

The following solutions were considered for those problems which

are caused entirely or in part by winter navigation:

a. Provide shoreline bank protection.

b, ±rovj.de shore structure protection.

c. Check structural soundness of shore structures when reviewing
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r( quired permit.;, for work adjacel-.t to navlgable U.S. waters.

d. Limit vessel spoed through channels to inrtimize shore structure

d ama ge.

e. Provide water >:vel gauge systems to warn of possible flooding

and ice ams.

f. Modify car ferries for operating in ice to maintain island

transportation.

g. Extend operation of Oil Pollution Strike Force under the U.S.

Coast Guard.

h. Add additional search and rescue capability.

i. Provide vessel crews with special clothing for winter environment,

J. Close certain channels to maintain island transportation,

(i.e. West Neebish Channel in St. Marys River).

k. Provide bubbler-flusher units at ferry landing docks.

Most Promising Measures

The most promising measures at this time are summarized under three

categories for ease of reference: (1) operational measures, (2) infor-

mation collection and dissemination systems, and (3) remedial measures.

These measures were chosen upon an analysis of problems, identified to

date, related to extending the navigation season on the entire system

and are considered as means of mitigating or solving these problems.

Actual field tests and evaluation and detailed studies to date done

under the Demonstration Program were used to assist in the selection

of these measures.

Further detailed analysis will continue to be conducted to assess

the feasibility of each of the measures, specifically to application

at selected sites, and will be presented in subsequent interim reports.

A description of the analysis is addressed in the following section

entitled "Further Investigation Required."

The type and location of these measures are displayed on Table

D-2 in the following subsection entitled "Location of Most Promising

Meqsures."
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'OPERATIOkAt 'MEASURES-

Thle fol-lowing :en#ling. measures are consideedd to -be6 necessaty
Opptratliial meak~ites:

Igebreakiing assistance in, lakkeq, conniecting phannelsj, a~qd arborv
-by, vessels-with, icebreaking- capability. 4as fodund, to 'be. an-f effetive

way .of, aiding ice navig.ationt of commercial Te~l .4Tis, would, also
incliude ,use of a cbannel clearing craft in the St. Lawrence River 'to
remove ice from the ,navigation channel.

Ice Control Devices

ice control devi.ces. (e.g,. floating log booms) to stabilize ti&,
ide-coVet are effective means of managing ice. 'these devices, designed

to -permit navigation, 'would, stabilize ice-covers, and proeveuet subsequent
ice jams-, downstream.

Nayvigation Aids

Navigation aids include ice buoys and rdar ,t;4nponder beacons:
:(RACONs). ice buoys were developed and. tested under, ,the D*9.istra-w

tion, Program -to withstand the rigorous ice environmAent, to mintain
-their position in ice , to, be 'highly detectable by, a ship' I raar, to, be,
readily detectable visually, and to be a valuable aid to 4, shipmster
in planning the approach to a turn in1 a channel. The AACON, whidh',tkAnq"

mits. a, response to a ship!s, rAdar signal$ enables large ranges qof 8 to,

16 miles and .distiupt coded identification of shore targets, so equip'ed
RACONs have been demonstrated an4 used in trial locations and found'very
effective,

Precise Navigation System

The precise navigatiQ4 system under consideration would be a short-
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range electronic shipboard ,navigation Aid, to determinea sh~ip icc.ton

speed, and;a ti.tude.Tqi ~ tr ol be-u,d in, harbtors, bays, and

channeOs,

Air Bubbler Syistemis

Air bubblers in harbor channel areiq, at -do~k ng ,:ndLberthing.
ateas, at tight turns, in the .connecting channtel,16and# in' lock facilities,

were considered, lot their ability. to control.ice formation: and, redude,

ice thicknes Air.-bubbiers were -found 'obe an -effective Ice reducing,

means.i

L'ock MHodifications

Lock, modifications wouldW include such iftems as saf ety, boom

anfd -gate -engine pit eniclosurcesi veftical lock wall ice ,remqyval

:both- manually -and-,with. -the-us .- of hoitj air bubblergs ~Ihigate,

recesses,. 'and mo'difying-exisi;Ing 'f loating, plants' o winter

'lock maintenanc6.

Dredging

Dredging 'improvements in- the St, Lawrence'River to reduce velodl,-

ties in high velocity reaches to allow formation of An ice cover with
th6 u~i u ice booms, Died ging areas in selected'harbors tb. enable,

,mooring of icebreaking vesses.

Mooring ImprovementA

Mooring improvements~ at selected harbors wauld be undertaken ,to
accommodate-,U.S. Cea~at Guard-icebreaking vessels,

INFORNATION COLLECTION AND DISSEMINATION SYSTEMS,

The- following items were considered the most promising information
collection and dissemination, systems;
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Ice-Nga ition Center

The U.S. Coast Guard Ide Navigation ' Center at Cleeland, Ohi

would be expanded, to co]lect,. monitor and disseminate .Lce, weather and"

shipping data as advisories and- forecasts.-

Aerial, Ice Reconnaissance

Aerial ice reconnaissance would be conducted: throughout t'he ehtire

systemby 'Coast Guard medium-range aircraft equiPped with appropri te

sensors.

Automated Vessel' Reporting System

The Automated Vessel Reporting System would monitor Vessel passage

itineraries and other information to providecurrent up-to-date advisories,

as to vessel movement by the U.S.. Coast Guard icebreaking fleet.

Water Level -Gauges

Water level gauges to, prvide a, warning system, of rising water

levels in. the event of downstream ice jams would be required to adyise

local authorities, share residents and powerplant personnel of possible

flooding.

REMEDIAL ,MEASURES

The following items were. considered as possible actions to ,mitigate

potentially adverse effects ,o extended season navigation:

Assistance to Ferry Transportation

Methods to allow island residents on the St. Marys River to main-

tain transportation to the mainland during the winter months were

Bl-17



cbnsider:d. the WestN es I in
the St. Marys: River, and providing bfibble- lusher units at thg 'ferry

docks. Assistance to ferrtes :operatingin:the ft. Clair River 'w6uldd

also be considered.,

Powerplant Protection

Flood Protectibn is contemplAted to the sEdison Sault Electri&
Company powepiant on the St. 14arys River to minimiie the risk of

shutdown as a result of -flooding caused by, possible downsf.ream ice

j ams..,

'Shore Erosi6n and Sh6re Structure Protection

Problems with shore erosion and Shore structure ddmage along the

,connecting channels are recognize4 and sere and will continue to be

evaluated with regards to winter navigation. Areas on: the St. Marys'

River have been identified, as well as on the St. Clair River; however,,

XI -further detailed evaluation is needed, to include the St. Lawrence

2 River.

Locationof Most Promising Measures.

The entire system was analyzed, on a preliminary' basis, as to the

problems and requirements considered necessary to extend the navigation

season in the following areas: (1) five Great Lakes, (2) Great Lakes

connecting channels including the Welland Canal, (3) locks in the St.

Marys River, Welland Canal and St. Lawrence River, (4) harbors in the

entire system, and (5) the St. Lawrence River. Table .D-2 displays

those requirements considered, as discussed in the previous section,,

to extend the navigation season throughout the system.

Sources of information which were used to determine both the areas

e9nd the corresponding measures to extend the navigation season in these

areas are as follows;
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'.Tests :And evaluation, ,d rprsthrbo esue eor

td uinde the -five- yqar -DemonistAtion. P kgrarn (ai ' bbgI in afha~nel
ah4' harbors; vesie1 pa ssage through ani ice -boom; navgdtiondids;,

.pt~~~~~i~Id -"vgto sses h Navigation -Center;,,t 'aralaid grxd
teconissdance; 66silstanme-to 'ferry tranbpoftdtidn: sh61e ejr-odipn ,afd
shore--structure damage surveill.afce;, and sAfety And, survisia e'q4iiment);-'

b-, Experience gajhe& through five winters, ofactual *ieesl movemtiir'

iLn -the upper four Great. lakes -during, the Demionstration, Progrm(ie
breaking assistanc6 by ,the T'U.Se Coast Guard; commercial vessels using,
an on-board ,preci~e naviggtibr syistem; commercial vessedi movement
through the locks at S ault -Ste* 4iMchigan, to as' iuch, b yrear-

round (12-months) during the '1974-75. wintjer season; commercial vessels

passing through, Air bubbler. test sites; collection and, dissemination, of
Actual ice,, weather -anid -shipping data -by the 'ice Navigation Cdhet).

c, Correspondtgnca -with Lake Ca'rrier's- Associigti~fn wqhich. tdpres~ent§

shipping ±nterests,.as to requirements and measutes their organiztation
considers necessary in the Ste 1 arys Rliver,

~d. System. Plan for 411- Year Navigation on the 'St, Lawreh~ci !(ivek,

published by the St# Lawrence Seaway Development Corporationo develoPed

alterhative system cost-eftective plans to enable extended. seasou navi-
gation betw~een Montreal, Quebec, and Lake 'Ontario, A-summary report on

'this study is in Appendix IV,,

e. D'A.aft LReport datedLMarch 1974 on the Effects of Winter Navigatift
on Shore Erosion and Shore Structure-Damage on the St. Marys River,
Michigan, published by the Detroit District, U*S. Army Corps of Engineerbz,

'.Model study of the Little Rapids Cut area of the St. Marys
River used to develop' feasible solutions to problems related to wintet
navigati~on in the Little Rapids Cut area, A report, prepared by Acres
American-, Inc,, Buffalo, New York, was prepared in December 1975.
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g.Harbors (*),,studies. perfbkmed by lthe,,St. -Pau1 afidtChicag

District6, U.S.' A 9mqrprs-f of Egineers,-and Afctec, Incd. of,'golumbia,

Marylnd ,for the, Detroit .nd ,Biif-falo -isr-idts-.

I-- The, harbors 'cnsidered for anaflysis ifi this, study ,wered

,those,,which ,had- ,projectdd -(205) 'extended: season traffic,

greater than 100, 000 tons per year. T zar estibates are

currenptly being upidated. All private and -co~met-cia1

,harbors" will be ,addressed in subsequent interim 'reports.

Table, D-2 displays those, harbors identified' to date,

which, ,were, considered 'to. need: improvements-,,to permit

winter operation.

Least Promising Measures,

Items addressed 'in section, "Possible Measures" that are ,considered - -

least promising at this time because of economic, eigineering or envir,.-_

mental considerations or because results have not yet beencompleted

under the.Demonstration Program are as follows:

a. Using an ice plow to push ice to the side, of the navigation

vessel track was considered engineeringly unfeasible because of the

massive amount of ice which would,'have to be moved as well as a lack of-

area, in some reaches, ,to contain ,the ice. It is important to note that-

it can be undesirable to winter navigation to try tp keep ice out of thE

vessel track entirely because the resulting open water will only produce

more ice.

b. Strengthening commercial vessels to operate in winter conditions

by hull strengthening or by providing, icebreaking bows is considered

to be the responsibility of the vessel operator.

c. The Precise All Weather Navigation System requires further

evaluation of such items as resolution and portability before it can

be considered as a feasible navigation aid. )
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d. The "'Follow-the-Wire avgtionaid system, ' cbnsiderd f or .. ..

application :L local :aeas such a :the,,&onecting channels, was cbnsi-

dered'only, as. A potential subsUtute to buoysand' therefore-as, .np s-bt

considered kfuther.

e 'At thisU time enough 'is not known to prRpose, the useof thkr al

ice :suppression, through the use of thermal check.valves, geothrmal

heat, solar heat, and heated effluent from- powerplants. A tihermal 1ce,

suppression system demonstration project is, in, operatiOn.under the :FY
76 Demonstration Program at -Saginaw Bay, Michigan, to provide more in-

-sight into the use. of -thermal heat.

f Ice control devids, such as cribs were not considered feasible,

because of their inability to pass water. Because the Great Lakes-

St. Lawrence Seaway system is along, International boundareS, structures

which, could have a significant effect upon levels and flows in, the.

system are not considered as a feasible solution when ice booms, which.

will allow the passage of-water will perform the desired functions of'

controlling ice.

g. The use of ice retardants such as dusting or foam #was, not'

considered feasible because of the necessity to continually reapply

the material to the ice cover ,because it looses its efgectlveness

when covered by blowing snow,

h, Areas have yet to be identified where the technique ,o flow

diversion, to suppress ice formation could be used, In addition, the

same reasoning might apply as under (f) in regards to effects.on

levels and flows,

i, Mechanical devices such as water jets have not proven to, be

effective means of providing tracks in the ice coer for vessel passage.

J. Propeller units to erode ice are not considered feasible

because of their inability to provide heat to the ice ccyer without
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causing a significant am~unt of turbulence-,whic is tnesir-hle- ..

addition,, :suchunits, would haveva tendency tobrvdel oe ae

areas, -whicdh could, result In more ice- being, :generated.

k. Use ,of 'floating box beams to prevent icg 'from ecrihg lo k

chambers, which is being pushedby Vesselp entering:the ioLk ivs ,ot:'

considered feasible. Vessel speed and wid, ch (beam); as well. as l -

-width, "when- compared to Vessel beam has considerable effect upon the- .
amount of ice pushed: into aick by a vessel. because the ice isbbeing,

-pushed directly ahd of the vessel,, there is no efiective way to
remove it. Opening of the lock gates may ,5b a ,problem if the ica is

deep enough tbehind the gate;* however, with the aid of air bubbler in

the gate recesses and fanning of the gates as, hey open opening of

thq gates is considered 'feasible without further modification. If

ice, builds, up too much above the locks, it is considered practicable
to just lock the ice tthrough erather than, trying to retain the ice-

above the locks.

1. Operation of the m!tre gates -during the Demonstration Program

has shown them practical and feasible, and, therefore, 'the use-of sector,

rolling, vertical lift, or tainter gates is not considered ,proposed.

m. Heating of the downstream side of mitre gates has, .shown to, be,

useful at the Soo Locks; however, any -additional use of this Ltechnique

i :not contemplated at this time.

n. Heating lamps used at lock facilities are not considered ,to b'e

feasible to remove ice buildup on large surfaces because of their

fragility and maintenance problems.

o. Anti-coating devices have not yet been developed which are

practical to apply to lock walls,. Techniques are under investigation-" 4
Z during FY 76 by the -U,S, Army Cold Regions Research and Engineering

Laboratory and results will. be available in subsequent interim reports..

p. Vessel speed limits are established on the connecting channels
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n, and changes to these. lii aent cooar l lAted at ti ti, 4  c
conditions. generally wil dontrfol- -vesselM peed

q.. 'Ice gontl deviceeb~are, -'eng pr;osd' ~stream- o:f ferry-
'0perating, -lanes t6o stabilize the, ice ,-ov', and mirmnzq thdm~vement-

,of ice into the ferry areas. Theefre dificatian to -car 6rries

to operate in ice conditions is noqt consideredd nece qisaY!

L*an :StkiruLJ.Ld-u zor( e _tseareLIhs

rescue capabilities of the Coast Gua~rd beyond& which. is, now AvAildble

is, vot considered Decesbai.y. Existing faci:p ties are considered,
aidequate, to 1hndle exktended- seasoni operation.

S. Provisiofis of special. clothing for vessel 9c:ews on-vessels

oqperating in winter conditions, is cpousidered to.- bo -the- -keeonsib!4ity,

'of thiL vessel, pperatqri

DEVELOPING PLONSA

The three~al'ternatives;, (l) Traditioxnal Navigation Season,(2

71xed NVavigation Season, and (I). Extenddd Navigation 'Season were

furthe r 6valuated as to their relAtive impacts and contributions to

the specific planning objectives of the study and the broad ,Planning

objectives ofNational Economic Development (NElkb and Enviranmentdl
Quality (EQ), and the assoclatedaccounts of Social WRell-lBeing (SAB)
and Regional Development (V).,

The' evaluation process iVolved-classifytg each q~ the three'

alternatives as ro the tulfillment Qf both the nationa. and A pci

study planning objectives and assesqing the relative adyerseitnd.

beneficial merits of each alternative to anzive at a 4elecited41,IOL

Comparative impacts and evaluektion of the three alterznativj es-are --

displayed in Table D-3 (SuMa;y Compaxisorn Q9 ktetnAtIve Kals.A.nd

Table D-4, D)-5 anid D-,6 (System Q1g Accounts) go, each alte: nave . lan.



Tbo# 4#06nu the formu1t7a~t i pr ess;- it Is, neceeO~fy- to. degnate;
th fetrnaties, whichA trs.ee h anecbca, naiddoparphhiwiii-

ob-et~~s~spcfic laidii bjeilves -f~e ~ A iinA- .

mi.iii 'te US.A'ry. opap Enigier' gt 1icEs_ and ~R'liedu004 th

pu-e~Ae -or,;b± ,ide', reute htarito4 lo~ ieveien

(i)plan .and ,;an 'entr#,zhzdhta quility (EQ4) ;pa bidnfed so,

f okr this. ztudy a nfon-..sttucturAl (S plan'tjj au.~d

-Using, these plans,. the ovefAll f ortiuatioji proces, 1edding 'tot~
s'eleoted ~ ~ ~ mpa pluonitof rnaing.the istifated conffitiosbec

pan, witbthei bas onionseptd without, tthe pl'.'. a-Ad determin~nA_.

the beneficial hhd. advdrse eff ects of each, 'plan. through 'this prode .,

plan completenesp is 'Assuk'e'd'.

Na tfonal Economic -Development (NED) Plan

The 'NED, plani -addresses -the planning, objecdtves of the, study yhildl

mqaximizing,#dh net economic benfits. Therefore, upsing the economi'c

dqt'a as, displayed' prev~ously ;And 'in Tables D- 3,i D-41 D-5 and b-6,, thaw

plan. which' exhibits the maXimum net economic benefits6 is the "'EtendOd.

NaiainSeacion" plan. This. plan, tons ists bf-both.-oh-tructurAl

atnd\, structural imprbveir nts to enable a permanent 50-year extension

of, 'th nvgatian season on. the- Great takes-9t. taw4rence seaway System.s

gnvironne~ptdl Quality (EQ) 'Plan'

The environmental quality p'laru -like the NED p'lan-, addres'ses 'theJ

,range of plaining. dbjectJ~yes. but emphasizes qontributions to the -pre" -

seryation, man 'ne, :t odatlon and enhancement of the- envirdnmcntal

quality of the Great, 'ae-t awec eway System. 'Using the environA

mental, -data -aa displayed, in Ta)es 'D,-3, D-.4 D-~5 aii-b-6 and- dompariig,it' I-each plan, that p1.air' which -exhtbits th~ above stated contributions to

the qanionrent is the 117txed Navigation Season" plant This ndn,,

structural plat) 4animzes. the effect on.the envitonmeht due -to -Vessel

movemint in iqg-coverdd-Kate by iting, navigation, tog~h

Lock.; -to, the ',peric)d 1 April to 15 December, tzog h o



Non-Stkuctur:Al (NS) Padn

the nonstructural plAn is one wtich, addr:esses- thei rifge- of'

plazning. objectives 'by emp'hasiing ,non- st'rctura moanfs. The "'Traditional

Navigation, Season plan is considered ,thenhont-structural. planh., This;

,plan- describes the recent 'historical -winteet obprt i comrcial

niavigation on the Great Lakes-St. Lawrence Seaway -System prior, 'to the

'initiation, of the -Demonstration Program Potionf of the .winter -navigation

study in 1971.

tor comparison purposes, Table D-3 is provided diplayipg a detailed

summary of each of the three alternativea for the reader.i This-table

presents the significant planning considerations 'underlying each alterna-

tive plani namely, plan description, significant Impacts, contributions

-to the. study -planning -obj ectiv'sj conttibbution§ to -the !our iiiti6nAl

accounts - national economic development ;-eaviropmental qualiy - social

well being -regional development, and implementation responsibilItyo
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'AMR TYE 'A N

~ ~StASON,-'

The Ttadii. nna1 ' t16fain Seaso~n (base onWU 4.ofiy, alentiv
V6uliwov xveey afdti"W hee'odbe, ncjprojec t 11ivrove -

Tments and thetge 'has beev, -no soti ed '6'ts or' Projec It. benefitsp idenlt-

if-led' to'd:,,d HboweVef, raere woul beeodii ironmenta1i and

;sodia'I .ef fects if this ols 'fato is fo']) owed, Tdb' --

sumarizoi, the ef fects of alteratiVe 1-iunder the four eva]luatziont accoupnfs.

tEwhidmic Effects

1f -wintet operation 'on- tl.e' Great 1Lakes-St. lawtenceg -S~aw".ycon-

tinues ,as it 'has, traditionally, 'the -ekisting growth trend' in Ithe region.,

would'continu6; A ,gradual , I.crease, in vessel -use, 'harbor fdci~itii's,

'and .related. services to- adeoMmodate. norma-I gxcwth in-the iegi6w nud'

occur, -Tax reVenuies and' propeirty- values9-wo ufd #O~itlod time

as- the economy of the region increases.

'Environmental Effects -

Cormercial vessels have traditionally moved in ice-.oVered waters

throughout the Great Lakes until such time-ice and'weather 'conditions

do not permit. Such movement, particularly on the St. 'barys arid St,

Clair Rivers, has had. an- adverse effect on shore sttuctures. Also,

this moVement has had the same effects as caused by adverse winds and has in,

some areas-created unstable ice conditions in the immediate vicinity

of the navigation channel. This unstable ice has caused ice to rmbve

and jam in. constricted areas, such as in Little'kapids 'Cut in the St.'

Marys River and at the lower end of the St..Clair River. These jams,

have resulted in flooding in the St. Clair River and have disrupted

power production and ferry transportation in the, St. Marys River,

However, a-'beneficial effect of the broken ice tracks is that sunlight

and air would allow continued ceration into the winter-months of the

aquatic habitat.

There is always a danger of oil spills caused by vessels moving

in ic'q-covered waters. Concerns have been expressed regarding 'oil
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- LEGENDW

Timaing

I-Impatsb that 'af6 expectdd prior 'to or du1ftng.plani:

itaplementation,

It-Impacts :that are-,6xpeqted,' in .a short tit!e, framife.

Ovet the life of tihe plan, these will gerazlly

be impacts that. will o6ccur inv 15 y.eOai& or- less.

II-Ipalcts- that are ,expected, in, a long-time frtame.

Over the life of the -plan, these, will ge#Oially

bq, imppacts tfhat will occur-later than- 15 years.
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spils anid:-.ieir effect po1wtfwl And quaihbt

heNatukAl shpte eroso a sedimetato'i 6 rctd aso

704: 'be, evident dufing the winter months..nicii canl n aksi ~ce - t ~xu~Vsi~

'Social Lf feats,

- Asstatd inthe environmiental -effects sect, horesrcue

4t shore prpe~ty Are subj'ected- to -possible-damak& during %the wiziter

months by Vessel movement in c,-onstric t~d -dreas. Howe-ver, it 19. *mpr-T

tant tonobte; thAP-'natutai' qonditfoi6'also may, cauise -such damage..

Unistable ice' conditions, In the -vicinity- of the naVigation channels

has- disrupted, -outdoor recreation,. such as; icefishing afid snowmobiling,
'in--theSt Marys tRivet and-'aeS.CIi~Ti 1wour ~~hie

Ice jams caused ~by the movemcnnc of the unstable ice have dis

rupEd power production in the 'St.-Marys' 1iVer at SaultSte., Marie and

have also disruipted-ferry transportation. DI~sruptid, f Power gprd!-

duction has ~been experi'enced on the -St. 'Lawirencq. and IiagAra Riveirs;,

h~owever, these were caused by natural conditions (i.e.. wind)' and- not

navigation.

The-wiftter environment presents potential-'hazards, by exposure,

'to-vessel cres, lock operating personnel and terminal workers. It ir

expected, however, that proper equipment, such as safety And survival

'gear,. clothing. cnd winterized, quarters 'would 'be furnished these personnel.

Vessel crews are ai.so subjected 'to the noise of movement through

ice-coveried,waters when tho Ice scrapes along the-vessel sides. Con-_

cerns 'have been expressed- on Nv St, Marys River that vibrations. Trbil

vessels moving in nearby contrc.,-. -rear -were transmitted to the shore

and shore structures.

As stated in the previous sectlqn,.flooding-of adjacent land

to the co-unecting chAnnel, partic,axly, in the St. Clait River, has

been experientced- ana- would continue to uacuri
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FIXE ADI NV-IAT-,ON S EA SON

this, altd37native' , ag th& Traditionial'I i'vigatf -Sbzson alternie,

wouqld involve no Federal actEion. There -would- -be nic project improveT
~menf6 -and',there has been-no-associAted& costs -or, project beniefits 'idehitijfied-

to, date-i However, thdeew6uid-~bdedeonomic, environmental, 'and, §ociia'l

effects- if 'this course-of the action is .followed. Tab'le,'D- 5. 6umaiftes ,thqe

effeets, of alterniative .2 under -the lfout 6-valuAti6i accounts. 'Since,'thAs
plan# affects only traditional navigation on the uppr6r Gat 6Iks,

.portion -of thd system,, there would 'b-e no, effects oh- the St, awrpence, -?
-portion of the _system.

Economic 'Ef fec ts

miad plaii ould- -limit 'vessdl -traf fic -between t-ake- Superior- and- thb; l16wer

lakes to a P eriodi between I April and 15 December. The resultant limited.
traff ic ,movement would red~uce commodity movement which bas occutred

traditionAlly qnd as a result would tend to reduce the exiating growth

trend of the region.

Business and industrial activity would decline somewhat. Some

harbor czommunities would exp~erien~ce an increased migration of seaso nal

And dnemployed- workers out of-the area,- thereby disrupting community

growth. A reduction in harbor facilities and related services would,

be experienced.,

Environmental'Effects

This particular plani,'is -cnsidered the most environmentally accept-

able. Limited vessel movement between Lake Superior and'-the lower

lakes,, from 1 April to O.5nb~cember, would reduce possible damages,,

other than that which is c -used naturally, to-the shoreine and shore,

structures. and reduce the effect on the overall, eanvironment,
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The limited, movet-of ves9§4*;would, cu dw i olution

fro vee §] ng- ald, -reduce, the dmg i gplbh 1 'eseaiditt-

HWez ice. JAms ma.c inue, -to i, fr0' natra con-ditionis

(t~t~~wng~ ins)inth St. gay upn t.~ 16dgal cn~ditins

lower lake Hu ron) Rivers deedn pnmet r~lgc odt~~

Such Jams, may ,disrupt 'ferry transportation, iin tJhe St. 'itays-River

at Little Rapids tft and cause f looding in the St,, Cliair -River,.

However recent records -have shown-thatE ice, as Are miinita ohn

the S,*t. ftair River during-the months. of December and Januar'y

andi are decreasing in'magnitude.

SocialEffecto

The stable ice-.cover in the St, Marys River and Lkke St. Clair4

betwe-en the -St.i tlair-.and DIetroit Rivers, and, S8t. iLawrenc, -River twouid',

enale maximuim -use, of' ice-covered waters particularly-for oditdoor

recreation -(icefishing, snobwmobiling, iceboating, ice skating). this

condition would also teduce safety and health hazards in these areas.,

The stAble ice-cover would also reduce possible damages to shore

structures and the shoreline.
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EXTkEbE NAVIGATTIOW SWO0N

-This, alternativea wOuld- livolve Fedral act16ii. This- planrtWouc

prov idfof an extensibo p te ,navigatiof eao beodheadtna

cdlosing. date of'15' December on thde-Groat Lakes-St,. Lawrenc6ge awaR4y

Sypi~emto- as ,much as year -round.

Specifically,-there wez :hree'dates of seas~n extens-ion

evaluated': (1): 31 Jan-uary,, 2 28 YFebruary And (3), Yfai-rbnd.

There would, be6 economic, environmental and social, eff ects if

this course-of action is -Tllowedi table D-6 sumrnar,.zes- the effects_

of alternative 3 tinder 'the four evaluation accounts.'

Economiic-Effects

Project coabt, benefits and 'resultant benfit/cost-ratios are

displayed in -the following -table.

E xtended Season

31 January 28 February Year-round

Investment Costs $264,837,6006 $329,523k400 $329,542,000

*,Annual :Cost~s $ 23,446,700 ,$07~8o $33,808,000
**Annual Benefits $ 78,100,000, "1630,0 200,90p,,000,

Benefit/Costs 3.3- 5.7 5.9

*-Total U.S. Costs -w/o Lock Twinning

**-Sources of benefits: Transportat4.on savings, stockP1lng
(capital, real estate, handling) and vessel utilization saviLny'

This alternative would provide acceleraited growth~ Inthe region

and as a result would causie additional increases in Overali*'regJ.onaJ.

property values, increases in revenues to states, counties, and comi-

munities; increases in employment; and indtea~ed uee of businesb, !=rbor'!~

and industrial facilites, particularly in the cov~percal shippig industrj,
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and ,Li 'those industries thoat ae users o f thergb t -bl

galcargo comimodities. -

It: is, projected -that a net-increase of :,iip~qoI't ylblio
in, labor earhings in , the regio ,in year 2020wdid.- result f-om ,naiga.

Sioseason: extension. Projdcted #loymnt in the.regibn would

increas.e by -42,.000. jpbs by 1980.".

Environmental Effects

this alternative woul':,provide for increasedvessel activity
during the winter months, as. compared to -the other tw6 alternatives.

As .a, resulti, the potential for damages 'to the shore and shore .s'truc-

tures increases. However, ice control devices would be provided to

reduce the move~ient of ice as, a result.,of the increased- vessel ,acti, .
.vity,. For instance, a" floating ice. boom would be provided at the head.

-of :Little Rapids Cut in the -St.. -Marys 'River just downstream, -trom.

Sault -Ste,. Marie (Soo),,-Michigan. This boom would: serve -several

'purposes: () it would stabilize the ice 'in the So0 Harbor area

and reduce the amount of ice fl6ating into the Cut area,.(2) this,

in txirn; would reduce potential damages to the shore--and shde sdr-

tures, along the Out, (3) -the occurrence of ice jams at the lower end

O6 the Cut would be minimized and the backwater effects on the power-

plants in Soo Harborr which disrupts power production,, would be, mini-

mized; and (4) ferry transportation across the Cut to .and from Sugar

island would be maintained with minimal disruption.

Another prime example of ice coatrol-would be "at the head of the

St. Clair River. A similar .r rpe ice control deVice as in, the St,
Marys -River .would-be installed across the mouth of the river tO retard

ice floe from Lake Huron into the river, Tiis ice traditionally has,
caused ice jams in the lowet St. Clair and resultant flooding of

adjacent land area. This ice control device would not only reduce the

occurrence of ice jams but would also minimize -the disruption of the
shore and, shore structures along the yiver-due to the ice floes.
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,InstallatiOn-of !the .ice .booms wil require a, il aoii- of

dredgifig and. driling- for ,anchors, and the disrupti o to ithe qhanne ,l

bottom ,wouldibe short -tei .

IDedging_ is ,aso considered:,hcessary, Iii, -the st. Iajre :ier -

for ,ice bom anchors; however, for season extension of ofie monthoo-moe,

it. may, als 'be neessary, to. deepen sectins-of the nAvigatiofi,,,channei.-

near St. Regis and 'gden Islands to- reduce the velocity, of water tli

,this area,,and, in turn, would enable the establishment of a stible,

ice-cover.

1, Dredging for ice, boom anchors and mooring sites in Milwaukee and

'St. Ignace Harbors and in, the St. Lawrence River would have a short

term effect upon the aquatic habitat' in these areas (i.e. fish migra-

tion and spa.ming and nursing areas, benthos). Potential long term

damage to 'the channel bottom (aquatic habitat, benthos) is anticipated-

as a result of the channel deeping in the St, Lawrence River, however,

recovery is expected. A detailed assessment has not been made and

will be presented in subsequent interim reports.

Incrbased vessel activity under this alternative would also tend

to increase the level of vessel smog throughout the areas where ifessels,

are operating. Also there is an increased potential for oil spills;:

however, ongoing research and new vessel construction would redude the

potential damages.

As stated in the ,previous paragraphs, floodingat flood prone

areas in the Great Lakes area, namely in the Soo Harbor area of the

St. 1arys River and at the lower end of the St. Clair River would be

reduced through the installation [f ice control devices in these

rivers. This would even provide an environmental benefit because it

would enhance, through mitigation, the protection of the environment

ixt these areas.

Another environmental effect is in regard to aesthetics. Tradition-

ally winter vessel operation has been minimal and the winter life-
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'tle ttaquq;i tkt&Idud, 46eaoh_ ig&ii'vouj~d disrpthitr-
q~~uiL~~ty bylr.U ctVIb Aiid'ihdicd4 h6eUiqq tsoudb

mentio~d tlid ~s _elpassae fnthe'rettksS arneSaa
Sy~~ 1~a &i~s hed ~ e~tati fid~hto~bcu it 'is untju

reaP~ f h I iiso oft4 g t --

elia s-ffeaects,6,

Cocensff~ ee epre6ssed at, '1ublic: -faetings tqgarding penil -
damage@ to :th-e shore and- shore structures by -vessel- operati6ns. in

coiistrictedgrbas, of',the, cofih~cfing ch afn1s,i namely the 'St. -Claii. dad -

St. Mariys River., To- assist In, -the mitigdtibn~of these -potential

damiages4, ir..e control dgvides (i.e. ice bobbts)4 would ,be provided tip-,

8tream of thesei gonstticted' areas to -minimize 'the 'ice-floes into -these.

areas6,. 1ce6 jams would be' reduced and , f looding, 'wRoquLi'be MiniTL4&1d

Damages to' the shore- and shore 5structutds are xrecognized',and estimate,6

aret currently being developed. of these -damages and' they will, .ih -turn,

be charged' as A cost ag'ainst the 'project.

Potential hazard to public safetyi heal-th and- welfare haVe-been

expressed. .as a concern. However, specially designed on-board, and-

shore navigation aids, real-time ice-and weatherAgta collection and

digseniination systems, safety and survival gear, and icebreaking assis-,

tance would be provided toreduce this potential, hazard. I.-e control

devices, as de~qctibed in previous sections, would be 'provided' upstream

of ferry crossings to-keep the ferry lanes free of ice. these would

minimizu ,any potential disruption of the ferries and reduce possible

dangers to persons. riding the ferries.

OutdIoor recreation such as- icefishing, ice skating, and snowmhobil-

inig would be disrupted and winter navigation would probably cause the

areas of activity, which have traditionally occurred near the naviga-

(.ion channels, to move because of unstable ice conditions near the

ertannel, Consequently, there would be a loss of recreation areas if

ice in. 'heavily used- areas is broken up or otherwise rendered unstable.
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Noise is, another ef fectf 'of k winite navigatiin -which, 'has,ei 6 ex sed"

byvese ,rews. ic scaig, Along the, sides6 of- sqhips movin throuigh,

ice~ makes noise which, is 'bother~omdet t he- vessel -qws his

extended -season pr ogramt would; experience it 'tor lbniger p~riods, of,

intoth winter -months.

A2helie a itionafl qetadirpheon ofea pow ietion

by plants located .along thie river which use, the,-wate o oe eea
tion.i In -the St. Lawrencd Rer, additional ice boomarpojce

to enable winter -nc-;.igation. These booms are projected to iihprove.,

the levels and flows tegipe. they will, 'by stabiJAizit the ice. coi~e,

xduce, ice -jams in constricte& areas And,, in turn,, enable a uniform~

water ,,f low in the rivet for pororduction.

The ice booms are currently not designed to permit navigation

through them. A very significant concern as expressed by the power

entities (both U.S:. and Canada)'along the river is the question of

liability for damagets should navigation be ,permitted in the river and,

disrupt the stable kie cover. This will be addressed fully in

subsequent interim reports.

A systems. study of the St. Lawrence River is- displayed in Appendix

IV on the engineering feasibility of winter navigation-inithe St.

Lawrence River and improvements needed to enable winter navigation.

It is Important to note that potential adverse effects are
recognized in conjunction with extended season navigation. Possible
mitigation of these effects wi:Ll ba- further investigated and
reported upon in subsequent interim reports on tthe Great Lakes-St.
Lawxtence Seaway Navigation $eason Extension Study.
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SELECtUNG A .PLAN

In. selecting a. plan, ch of the tlree alternati.ves, spec i

fically*,

(1)- Tradilional Navigation Season ('be conditio#),,

(2) ixd, NOaigtion Sea-on'

(3) 'Extended 'Navigation Season,

were, evaluated as to relative impacts: and- dontributions, to.the

spdcificd planningobjectives of the-study and• their, contributio6s,-

to the 'broad national, planning objectives of' National Economic

Deveiopment (NED) and Environmentl Quality (EQ):, and the assct-

ated' accounts of Social Well-:Beifig .(SWB) , and Regional Developmtient

The most direct indicator reflecting the enhancement of

national economic development is the economic return of each

plan. -Of the three plans considered, only Alternative 3 pro-

vides an economic return, as -compared to base conditions, and

satisfies the NED' objective. Alternative 2 would, reduce the

existing economic growth trends -of the region by l~miting the

movement of existing commercial traffic. Alternative I only

Addresses itself to existing growth trends of the region.

Regarding the enhancement of environmental quality, Alter-

native 2 is considered to ,provide the most towards the EQ objec-

tive by limiting the movement of commercial vessel traffic In

ice-covered waters which may occur under existing cchdi-Zions if

shipping companies. chose to move commodities during the winter

months. The ice-,cover in restricted areas, such as in channels

BI--63



an"6 o haro tei, iAld e n.ts does torbess 1~~-4u to'atr o

structure dd age, -oil and Air 'pblutii-i i -e ;J JI'ud 'be

Under Alternative I,. cetraii uriddsir0.Ie 6efts '6f winter

iiaVlgatioii -drd' ecogpized' -such As, M1~ore sir jbeag" dirption

Of firiy, transpor'tAtion, and flooding, as a x e 6uIt 6of icd-"J-aft-;

Ho'wr.,mitigation timasures, such as the ln~tal~tbii Ot c~~nt

detvices (Le, floating 19g. bo~is) , ipipng, thie shdtk_ Ln& to:

rkeddice erosion, in§taillaan -of Oile dlusker near shokg- ftr~xutres

16k tt,gaton are, being addres~ed, to nimizb any sigrftirait

adverse effects -on 'the envi-ronment,, -avd: thereby protecting the

enVirontent. The insta)-h4tfon of ice contvo1 dpvicesp aboivenatural-

ice jbm areas iii the St. Va~y,-s And- St. Clair Riv~ers vould 'alle' date

potential ferry ttan~portaticr, problems, andi Ice j6ms. 'These struc-,

turep 'would actuall.y tehd' ,t9 im~prove existing -con'di,-tis by stibT

lizing trie ice-clover duiring -thaw 'and wind rcondit'ions, redtuig c

'm6Vement and -damage to sbore structures, and chereby enlincin. the

envifonmental quality. In addition, these sttuctures woutd contr-i-

'bute to sodial well-being by miaintaining ferry tranqportatibt and-,

not 'allowing the ice, to jamt to -a point where it would impede fery'

movement across the St. MIarys and St. Clair Rivers As it does under

,existing, conditions, because there is nothing to pr;evevtt the ice Tfroii,:

moving. Also, the lessening of potential ice Jams i-a tTI, St. bkiiys

River and the control of ice floe into the St. -Clair River vould

have 'a direct 'beneficial effect on power interests located ontee

rivers which, the other two 'alternatives do- not provide. ,kmilai.,

effects are Orojected for thp_ St. Lawrence River,.
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tcn -i ' <-,,~d&_-I, b'-a

deeomn'a~~x~~cn itis. Inrese 4. b n

di uinesd- andy industkii1 aii e o 'f thergp) arcital

Aqsoled'w*th th@ come h# i1~pn& aind, induptry, i'a iec
*eoii~buto#to 'regionid. dev op~e

1 And .2 Would- nfi# 'coi4rlbiitt to 'thisbjeti Tacit-e, such

' at -7c~ ithe- St. Mary s and, St . -Ldweh~ 'Iivers aa& the

Wellnd and trAi~ton -i a:ve reMaindd:Idl& durlng -the, winier

ifciii "the, sae Aplles- to-harbor andtprminal t'faci"Ai~s.

atrntve3,hi~veuses existing, -faIities to a p ;h, greate

qebte .hn 6ith oi d'AlternatiVVesAI and 2.

~Co~nrcI&I vesses- -have traditionally -been, Iaid&.up, during the.

wiinter -months; Alternarives' 1 and 2 would continue this polcy-.

Alternativep 3 would, better use this efficient low-cost iuod~e Of

transportation for "transort of both bulk comimodit-ies and goetiril,

cargo thr6ughdut the year.

Naigatkion has traditionally been -closed-on thje St. LWqrenTce

Rivet duing, the winter months due to ice and weathller conditions,'

Un~der Alternatives 1 -and 2' this- policy would, continue, not allotzing

overseas-trade to come into 'the. Great Lakes betwen mid-Decemnber and,

early AptIl. Considerable economic -returns have been projected if

the Great Lakes are open ,to overseas trad1e longer than the -xofmal

8, 1/A ioth-Great LAI~es shipping season. 'Alternative 3, Would open,

up this traJ6 Avenue (St. Lawrence River) -to overseas traffiCk for a

loniger period-.of time and, in turn, enhance year-round overseas

-trade.
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ATTACHMENT 2 TO APPENDIX B

ENGINEERING STUDIES

AND

PRIOR AND ON-GOING STUDIES

ENGINEERING STUDIES

Each of the problems identified and shown in the "Engineering

Problems/Alternative Solutions Table" has been examined separately,

using results from the Demonstration Program; past studies; surveys,

charts, maps, and aerial photos; interviews with local residents,

local government officials, and operation personnel at ferry, lock or

harbor facilities; and extensive coordination with private and

governmental representatives who have engineering and scientific

expertise related to the problem and/or site of the problem. Prior

and on-going studies that were considered or referenced in the

analysis of problems and alternatLve solutions were addressed in the

Prior and On-Going Studies Section of this attachment.

B2-1



000

z 1 .1 4 o0 1
0 - 4wr

1- 1 ( 4 4 0pc m > (

E-4 0 1 40 $i H rIH 0l
ri- 1 H0 l s .j- n H0

41w00 441 o-i d P -

rl ~ ~ ~ ~ ~ ~ ~ J 00 0H , Q 4 .4w0r 1

0 4- $.i (0 (b HO ;> 0 C 4 0 r

0 r w4 0 w 0r
Id CO0 0 j 0 > 44 >,

W "1i * 4 . bOW -1 0 1 c; > ( 0rI4

-4 0 $~ 0 -1 4 W 1 0 10 1 -r4 0H.Hu0 (t)
Q.4 *,- H ~ lC 0 ) 0 14) 0 H M 0 > w4 u to

0 a) p 010 0 w 4jJ) 1 4 0p , w 0 ~~~0CIW
wl 0iiW U) -H to C): d0 0 da H rI 0 4 !I V~ 0 c W L)a

H w -C p (n P4 H C4-
1 0 0 44 4U -0 w4U-4 PQ>

E-4 C4 CA 1;40 0-4j 04 0C4JU 14 C4 1

:> 41 0 r 00 C:.-

W w 0HJc
0 $JA 0 1

0 0 " C r
H H 4 Q 40 - A4 0 C

.0r40 m 4 r 0 00w

01 0) 04 U 0.- > 0 C

040I-I~I ciO~ ~J~0 J0 H>$4

C) 0~.I-' U U)04B2-2Q



0 4 0 w 0
Q)- w 0'i 4-i CL -i
w ca $4 ,41 Cl)Q Cl)>%

CN LiC4 a)

co a)~ ctO a)Cl 4J) I() - rI-i > '

"0 a) cH wi H0 -H 0 4

cu c Vl0 -. H 4 Hrq p> 4. 1 JC H Q oV -1
H C -H 0)-.-4 0 wC" .0 wo p w

(Ar r0ib0 H ul ) CwCa) r-40 Cpl))0 5o

4J Q) a) r*4 l 9) coc ) ia p Q d:

4-U C)-. c CHS4 Cy) 00

E-4 -0 :3~ 0~ cow

0 H 0 10 Wr
41 ) C 0 W 0- rn<4tw
0 U *a)4 r 0 r. 0 )H C )C

V) OH Cl n > 4 "o( 1

V) ca> 0 * o-40 0 0 9~OJl-
H X~U >l 4-C~ .) rA C)0- w-r

0- 4O CO O4iH W 0 LC O.0 C J! -
$4M0 )0 )0 0 ici0w 0 Q 0 rco a

o J L r i0 4 Z. OJ.± H -I 0)

H 0C 4 . 0 bO e~ -H4 r )4 3 ). 1()

P-) -,4 (1)(L)4j r 4 d(A r-4 0 OH >4

0- c .O4 > z4 V,-C H HW 010 EU)-
04 0 (d 0 0 P.0 U w 00 u

0W Ei s Co n )HO)H <~4 H4H-441 F

- (4 C 1; 4 C4.~\ .. 4 C4 C4)

0C4l
r- 4- 0)$

0 0E ?-I-J x *:s 0 0

H H 04 0 H- > "4- 41 $4
.0 (n CO)c 0~ O44-C-A
0 La:: 0-A a

H 4J iC 0i 0 c
z C4 0 c 0- ;r4 ) 4

0 uC o o ) C)i 4

wx 44 Li'J-4co41
3  

co 0 X -H
.,A 0 0 c CO) > 4-J H -

0
4-i *

0

0

H cs ~~ CA

CO 0-4 42 0

000

-iH

0-i4

B2-3



o H

0)0

a) 04O0

C0)

0)0

oo C: $

0

0) 0O~ 0)

C14 0) 0) a) aO) b 0)

0 U) ,0) tko > > Coa

Hl >. 0).-0 0 0-C 0) 0)

H0 03 co~ -4'~- *'4 >,4 > P
>U CdCd- Hn 0O HCAC pO C '

0)WIVwr4- 0 CO0 J V 4j 41) o

o4 0 - - - W H H tw C 1-C0) C4 E-0 C

.,q " a.. pr0~4 00)J0 P o 0
0 OD0 4j~ 0) -I a>H ) a)J co co u a

0 :4 ' x ' -q r 0 ,4 co CD 0) co a)
p0) O coU. -,10 d$ 0O- 0 Cd H 0 Crot

E-4 ) C-E->4 H0b > <4 4-41. ,0: COH C C.

C4 C4 C4 0) *.-t. COO0H)) 0)

0[-41 0)0 04H 0$U).-0rV ))O )
o~0 bA P4 4 o 4H~~<C)

-'0 '( 01 (d ,-4CN C')

co cd 0) 44 0 4

44 $4O *di ho4 ) 0 Q
a) >~- aj CO 0)-4 H 0 0 C o

0 L CO 4 J O C O 0
4. 0 W p 0) 0r H 14 -,
" . 0 0. C C 0 w a Q)O ~44 ) 00)>c

00o o " ) to uC: J 0)
0 ) 00 0 *HC) (L) =U t- D:040

U0))

0

0) H4 1Jw

14-4 4 4 .0 H %

a) ::) o co0

A4H

B2-4



-to

.,j 0 r. t

Qo 10 >,- C:- 4 0 C13 0Vj-
a) 4 - 0) ()40 w. -f a:0 0 0 =
C 3 3 ) 0 4- oHw a 40~U qiw

10U 0 tol $.4 H co )
0O 0 W r4 H 0 .4,~ 4 10 V

0). .0 2~40 w r4. 02o.44CJ 0) w- J -HElCO

0Ali 4 0 4 . CO1) > "d 0:> ) 2) Q, t 0 4 (
V. ( 41J JJ 0Q r-.J.00 *,- *r4)C > $4
(1 4 C Hid0 o 4 H CO 12 0,~ W . O (U) >.0

.4 . . .T a)

-4 P U4 E-4 -4ED

U) 0. 2 0 3

V. 0 o) C: 606 4

E- -H 4-i 0. CO -f ~0 'A w t

H 0 *d 4.) a) A-) ~ 0-0)U
rj41 mO 0 r-4H TH$4 f)n)

41) ca U C44 to>., H4~0 > u)C 0 H

o) 0U$ )0t4 0 l ,0I
4  4-4 t)

U) H1 UHUH H top 0) E)4JC WO- w- -.

0 -) r- a) a p to > m 'd )

U COHCOU)Cw 0 4 COrA a) to w T-4H 0)

z)4J~) v-4o . Hj '' >4 W20 -4a

0 - ,IYto d) 0 44 M d0) .
H 0 (A .0, 0 ~ 0u r4

U) HO r-4 U -() 4
*0 0 02El0 0 r4 co U)UU 00

0 Q) 0) 0) ~4-1 u p U 41 4 4 U)0.0

0 E- $4 o w t41 C:J d00) co 0) 4014CO 0 0 0 0 -

. 4 * . I,4 C

'lU)0 1

E-4 a0)0 0
0HE.0 Q

0) u 4-JO $
H r1 H U

0 00 > w to-t
Q) Q) C: 0) a)

H >C 0.U~0 0 *riV)
>D (d 0H.~ H0) U OH 0)

*r4r- 0H . W) 4.UU 2 Q)

~ 44 woo 00 O00 0)4-40)

>1
ad 4 0

S ~ tr14 0

1 In HCO

C~ *B2-5



z--- -H

00

0j W
C) a $ $ $ OWj 4 j .

o c.~ w , ic 0 d 41 o a (
H 00v 00 410 1 aH1) 0 (n a

H 0 4 UC z0 0 a) 0 0) 0)b ( )
- H 00 Q) co p T 41 $4i ,04 r 0)0 $ L c

cH 0 Z 6 L 4 44 to0 W wi"0W )0
Cr 0. E! v< i w*1rd4"u r: zi 0 :

U) H 0 to Q) :3 *H aZ Hd c0r - C Iotop
0 10Low w0 Q to wi w0 a), co~ a)0 0 . 0 0 E (
W) r.~ W 1 H El W- , =Z 4 H 0 u*r4j 0 0 00)

>Wf 0vw( ) 0 0. : Y) -H 0 0 r- HO JHO HO.Ci
E-H )Q)1 4j t.oJ 1-o 1j-4 4 4 O :r a)~ 00 41* CA

H 1 0 0 0 -c,0 0 HCt W od( w>. 10 a) 04Ii pH)pP>N$
0 0 u dHO w 4 t Q LH W E-4 R44..- H 0 C 4 a d ) 00 440WC
a 0 -Cy 0, >.0 .r 4 L '-H)0' <' <0. C. 1 40 r4 -H V 4i,

00 "- $~4000 Sl 0o. 0U 10 L0 p 0 0 Li0 0o00

-4 oC44 P. P4 .H Z .L *1 A4 * N .4 4

-4 N 4 ; C4 C 4 LA C4 -

0)-

co 0C 41 0
z a 0 )L0 o6p 44i )

H H 41 ) : 41J 0 L
10 8- 044Jr 00C
0 5-a f."i, 0 0 0 -.

00 2 (1) 00 r.4
co0 rda 0a- S-aHl *r0 >N

0a p H4 44 0 >a0 to a 4-
4- cu30 00H- 0 44. W0

od

U)r- 0 0 C

S- o 0

0 w
HP4 U CiH

-40B2-6



w.44 U)O (L0))0
m 0*HO 0 ) W -p4. to .4O > r t )
$4 pJ $41- ED a) co 0) H r_ q -0H )

a) 0 41 41 0 0.I-P -H 0..-4' -4 P
$4C:0(04.3 0 00 () 0 0 4 EO (0

:3 W 40-q-co H- H ) U) $.I -q q W, w ~0
:0~ ~ ~ 045lz0) 0)0 0 co L) ) G)p
co w41 > > 41 -0 4 > 4-I 1.0)-1

-1 -- 0 -ci cd U (o :jW10 t :co j)U0 -r4 U)00 a0) Z - OH 0 .q

0

CC4- C4 1; 1 C4 C~ trl '-

0 u U) a~ ) S, 00 u l
H~r- 0HL H ) a) -4~

-4 0 -0H 0 .04. X4 J-1.
OH-H 0( H rq o1 L3 0)U) W)

41 cj H0 c0) )d r-I J4 o 0 N 0 " )
U) H 00$ : ( 0. Q) "AH m H aa

0 "'oU w .C ) $4- r. riO 0r1- wi a)
W ) r. 0 W U04 (1) -4U U0 p 0 1-
> m 0 0 0 HO ) 60 H-i0 )>0

H rj *HS- ., 0) 1 .0-H4 I 0J-I 0f rH0()Hr
H- Q 0 $04-J4J U)H 1-4 W.0 00 *d10 to 4 .0 C. CdW

wS 0' U) p.1 00 w j 0 4 0)0 0*>H4 Jo
*0 4J ql Q) 0> 0.0 boa $- U ) M 4 0 (n04.

* . 0. 1-0 CA (0 01) co Q
0 0 h 0E W Q 6 > MO U $4 W 01 04J i 1:

0 H- 1-4 00 =1z0 00 - -rq4e-SHc -i : : 0i-q . H0 0

E-4 0.4 to C) w~-N

< 0

S )0 Q- 00r
H- S- 0) 0 4$ 0

H4 u 0 '4
w 0 c: V0M0 ) 3 t4

zi 0 rq( w ) Ll w) Q a a)
w. 0o4-) 0 .I a)) 0 opoO

0- H> " : C 0 4.1 t4 oE
z r HHr- 4.) a to U41 El0 u

w 14-4 0 c: z 0) o0. 0) 14 0
*Hq 04 :3 0)0-H.4r

0) 4-1

In 0 IH

a~d

H4 0)- 0n()r-
m$ 4 10 0 -0

14 e V-4.0 0
0C -0 w-)0UC

.0 E-

0

B2- 7



~$4 rA LJ 4J 0
o0 0 0 C : co 0 u

-H : 441- H -A. C-H4
4J 4-'U 0 0o 0) 4-J

to a~)~f ).± 0 0) A cd )
04 4) -H w CO)0 to4)0 Z CC- f-

(1) to . L) :>N~ 10 ) . Hom r4.0

Cn$ WJ. n . 0 ,q 04 1 0 () arC

H H UC 0 $4C~ $4W (): )cowW a 0 J1

U) (0 Q)0) r. H 0 ) j.JCto $4 4 c
k r.H 00 J,0 4 04r. 0 0 r

410 rH4. cou 0u

-4 '4 4 N -C4 C4 C4 C4

0 Q-w) 0 -
H 0 4J r. co ) 0 0 w 00

0 9$ 4J r-4 0 . 04
H H a ) d t 4 40J v4- )41) q--

H 0 0 ) Id 0 ~ ::. Hr H 0 rq
0 ~ - ' H V. - CJC04

> '44 ) ($4 41v N4) (~j0 w4 a0 c

It) 4WW 0 o(L . - Q - R0i4 3V
a)0 p~ to rAC ) ) COt-4 J

E-40 0 V u 0i t4 0a

H AH0Q 'r N) 54 gW0 =

0c0~

0 (0)
$in H

0 00B2- 8



0E I
0 4 0 "A) W coto

004J4 F 1 -4~ 0 0 OJ 0 rq

a)M L 00dl.0 Oi0 0U -H 0 0H 41 41 lc c
p oN 00 Q 4rI 0 HH.-H a)~ cos 0 z ~H -4
0a-H .0540 (L C 044 Id OJ H >% 0 V 4H0 -44) )z40= 0) 0 '1 0o , 0 o-

*r4Q C L)H -4 > )' u -10 p 0.0 *H H 0 0 L 0
0) 10. Hj 0 r o 0 .0 .- *d4 4) -l (

- ~ ~ ~ ~ SJH 4Q - oI lr

r4 *% . o * N *4 . ..4 .

9 08 1-i4 C4 1

0
E-4

0-4 r41 04 *-
o *.4 ,0

U) ) HW

H 0 0r 0

E-44 (Dr

r44 CO

C: 0 A
0 H4 0 4a

0 oH

tol

H 0- t

$4 e-, CA0
054 w 0~4

00

0 H H

co a w ) H ) r.

B2- 9



4-J 0

o ~ c :3 0b.~
to -H 10 4.1 1 .- r4 4.1 co Q) )4 COO)
0) -HO) -H I to o )

0) 00 '-i4 0 $4 0 *HCOO-I

toO) 4.1 41 d 0~. ~) 00
0)o44C Cd M 0 0 00

-H M C4 Q)U C.) 0) 41 u 0r4 r.>
Cl) W o .r> $4C C.) 'oU 4.J

Ca) 0 ~ C H .a) ~ .rCOOC0rH

4 ~ ~ OC L) w ucc4- Q)0)p
41 j N~rHt ~Z4)H HCd <44COC.) .1O

0

C4 -4

0$4 4 4

0 W w w 41 0 U)
Z04 m 00 a. w~ o Co O

4-1 CO rq ::o r. -
O :3 m41 bo 0 H 0 c

En e- P a) CO 0 f:o 0 -d
0 $4 4J .r -H-

4-4 Ia. 4))00 'o .j c 1 CO

H j 0 O4 $4 il"OC
E-4 Q) o a0 Q WH O 00i

0 0 4 41 CO O c:~
0 0 0- ~0 0 d-r4 X 0 14

~4j3 41 0) CO H 4j -

PO 00

0
P.4

0)E

H Hl
00 04 $

H 4.1

co C4) 0) e C C

cop 0 4.4*rI

00 0 4

C$4 0 C CO4 .

B2- 10



KQr

tt

co w .

a) 00

~00) CACD j 0
c0) -H a))

0) z 0 o L 4.
H i 41Hc

-H~ ~( 4J4 0 C
a) 0r 0 .> a .-4 P W

4.1 0~e 4 MU U
0

-4., c.i

H L) $4
U) co El0 

0 0 0 41lC04" to " E I E
0 OH 0 :3 (1co 0) (0 (L) U) 1( a

H~~t 0a4i 0J0> 0 ~~.- C ) 41i

U) H0 *vH4 04>0
0 0 -H 44 H HH to(n00

0 0H 0 It0 LH 0

(n c .0 U C 0 O 00 00 U0C 0I
0 oco 0$ 0)H..HC4 >10 >i H 000)HJ

0 (0 14) 4U Q))H H CCH -H > W r

0 d~ U~~ 10- w . )(4a)WH r4 4

r4 r. L) to A* w 0z )t )4

0o o m4.w01)0cn

r4 00 W U)( 10 410 pa UO
0) p CD u o 4 )r- d-qrdra-i (d-

u~ PW :3 4.3:4-0) 4

- H H4 C4 C4 04. 4C A

H H 44 i ~ 0 0 In D t
C, 0 0

zL 4.4 44)~ H 0
w1 o0 0 ;3 0:H :0

E) 44J 4)Q)0) g

C LL(CD
V)0

0) H

0

0 El '0r
1-a H H 0

4) U)

B2-1 1



0
.Zo it H !4 *r-

Ui) (A 4-(a) co U) 41 u

0 $4W o0 p t

:3 Q)U 0~ 4.1 414 " $p

co$ (D0 'r H U)O )U 0Hr. 4

0.0 4-i 4- 0. H.0 U 0 0.
H U~ .CP ) u QJ cj 0

U)i(1 H 0 0 4 v$ p u
Q)0.01ir- 0 A" ) H0 .). H

100L . 0 O0 0 I iQ 0 H)
41 04 .40000 00 0) P 4H'

'C- 0

4 C4 4 .- 4 C4

U) H to'~ 0U
z0 4~ z 0U aO $47

Co 00 0 o4 CU) w4 p $w 0
I-I H. 41 4-i 0 H 44 .0 0
H 0 -H 44- 0 r. w 4 bo 0 0) 0

*rj HO$ (d 8 4) L9 0 rl $4 0 ,' 0 0 01

Woi $ 0. $4 Ji.) 04 000r4H 0 -1 P.
U) H 000 s~ 00 ( '14 0.0 O ' . 0 -Li :

0 r1q 0 4)4)0 0 to~ U)0 (d 0 v la. Cd 0 U) arx
0/ V.~ 04 Z) 0 ?.0S U/o-) H)J w~ 41 Lo H

OH 0 ~ 0- 9:) 0)0.0 U
0 

r. 4j -HWy4H ~ 0 >
H-- En~U0 U 0$. U $40 0O) ~ c:. im o 0 0W$4 0d

1-4 0)4 H 4- O r H0~C :j u 41 c --. OHU 0 U)Hk-
- ) U) 40 HOq *41JO r c -H 0 o " 1 U 0 U) M 0c

*0 410. 0$-.a) 41 U00W 0 4 j4 4S- i O'0 to H $0.0
4.) C4 I El~U4- 0 -HU) HOo u00 (t)* O
0 14 0 ) 0Uto C )1 O 4j to 4 r4H>-> t 00g0 )14 0 0 '0COX 00

0 E4 W ) 04.J0 W W 0 OHO0 $0U 4J 0 0 HO ) 0-H

4 0)** .*

E-4 C4 o4N.4- 4 ~

S 0 0 (
0 'A
O30H4 r . 0

z 0 00 44$iWS. H'0 H
H H 00 a) 0) H 4)

C4 A0) 0 -0 , Hto co Hd
W 0 0H R4P. co 4 00

p H td H44$4 HH
"O 04 P-4 41' 00 a)

H0 H 4j -A c 0 41 I .10 0 u)

O U$4 0 0OO O H

4-4 .0o o 0 $40'H 0 0 0
C:~ aI)$ -HO$ P..0U- -H0

0r 044.4

(1 a oc d) 0 a

H4 o0a) H d'iC 4 4 4H

a) H 14 0 U)- 0 )0 nIdti

0-U (A O)
0$4 $ 0H~ 00 0 HO ~ 0 41 4-HO >

~ .~$4.0 HO 020U12



$44

W o 0C

0W

to 0

a) 00g).d o

0 C 41 L

0Z

CL F3r o E . o0 oc
r4 ~ ~ ~ ~ ~ $ 0$O4 4 0W 3s

0 n p nc o r ow 0 0 o(

H Wo fnodPQrO

$4C $414

0d 44 to$4.) 00

H0 C4 co coO 4-1 0 r4 4
$. $4H co0 .oS m

0 OO HOO 0Sr 0) 0 $
WH 0 1-4 0 -4 J, to H P H 44 4

P4 4 WO -AC $- o 041 w >

$4 =0O wQO 4 301 o"c

00 0r OS3 $ 0. 0 0)3. 0~ 1. 4 a4 w OSX4

0r En $4 MAf0 w1 0 wO > V-4 H 04(

.2 CC2 . . ..

000
d) >

0 -

H o~ B24 13



COc

to 4 o0 )

toa)t -nH
10O $r4

~rq 1 D0

0 t

EA4 0 a)J
:n .jI I *rj

>~ 7 .4 4 WOf

4) m;.HI Fic ;>: UCJ -4 toH
04 U, .L. . 0 . 0

<0 ElP 4 l )a

C4 c4 v; a

(L M 0)Cd (A 0

H4 M >O' r 4c 4

0 1-' (A 1H 0

4 f4O0H thOH Cto3 44*tI

H 4 0 ~ r-4OO r 0 0a) >

a) " ip 0)aWa P. tfo ft A.)"0 b

z $4
Ha) 00

cd1. p
p)1

a)D

p

B2-14



4 ~$4
~$4H 4

0)*0

0 r *- >

U)j H4oJ 4.J;4
&4$ r.$414440 r o *J

zo El P IC/) -

"q r4w 4j 4 0 0 bo 4 4

00 4 )0 4 $ V 0C *H0 H 41 -H 0WC

0 (A 4 H > ) d0 $ ) 'V ri -

M - r E )U .c 0U1-a r.
9 0 Cd 04 0 (d I.4 (L

0 p . t 0 0 $L0) 0v u tH
;> 0 4 J1 40 0C$40 Mc *-m CjJ5

00 4.C~) 4 0"p to4 0c 4 1j~ to*

P4>
4  > o ~~.

0 cC4 c CJJ4 c

0 0o 4J4 ~ fi ~ U $41) H)4J r

0 .OU4- WH4~ 0 r. C)O.

H t~J.~C W $4 -H ) H-I 41r 0 'oHoc
H- 0 wC~- to WJ.0)J p~ *0 4JC 4J-1 w

0 d w- 0 *z *- *3 *H )t
w 0~ H- t-4 -r40

w4 p 4u owt

z 4 4-' 4) A
U)U) 44$ : J1

H 14 b4. w) 4'() j-H $ 0
04 0 $40C 4W 4 )4

H H -H u cnn Q)4)J4i4$

W14$4 ~ 0 $4 J4

co w-1 H, a) 0 4 a
A0 0 0 ~ 0*dIc
o ur 0 OC) 4 I= $4.$ 4 )* r4 -

0x El4 C-H. 0 H 0 ) CX414 d444 P 4 * 4-

0 H4

0

B2-15



a)co 0 0

P4 . 0 0

U) 0

W0

0i

co 41C 0 41

A 0 *rH r U H UH cu
0 -H I H- -o H r4 H 44
(n 4 a) (0 r. 0 t4 4  (A 0 44 '44

CO $ C/3 0 ()014 :j
C - mU HH 0C) * o uHO m

0 04 P± . 0) A4. > 41 %-,
> 9) Cu Cu p cou 0J

H4 -H w ar~O) tk (

riZ 0 C OH 0 OH *,-I C>tl44 C '4-4 0

o 0 .1 0 0 4U .w w w0 $4.L
w 0 $4 4 .4 u0) ,A w z w .0 0

0- E-41. a) C. u 'aUOr .0 ud U 4

w. P. ) 0 $4 I~~ p J H WHuH ( PAu

. .4 . . 4 *4 *

P.4

a 0 u
H1 C) Cu -Ar(r4

w~ S-i 0 El 4 t3

02 m .P. 0CU A 4 0 0 0

H- .0 0 (1 0 WOCO'.r4
0 0 $4H 0 ~41
z 4L 0 --i( 0- COO C:O -Hr .~LH

P4 Wo toti c

U)U)V) to (n130 ~4ji > sJ-Hco

Cd to -4 $40 Cu
Cu 14 00 wc 0 4wrH

Cu r.4a w-0 H$ 3J w

04 4 Q)4

01-4 - H HH

B2-16



oc

, En

(0

0 0 0

(n - p4

• ~ ~ 4 J', 1

0300

a o

0

0 0

o. >

0 44) CO0

4

0 Hd
4 0 00

$4 .4 '

W co 0

0d 0 r

- C4 - 0C-) 4

0

B2-17



0 W

~0 )

E-4

c00

00

4-J

0

0 E-
0

U) 0

4

H H
0

P,

00

H 4)-

C,/

H l 0) 1

co U) c

'a Cd g C
o

a) 0. ~ 0c

a)

1-4ul *0

c~1.B2H18



(0 0 0 a)0
0L 44 co r

W r 0 El 4 H
MI't rn CZ -- $

41Jj 0 0 41

00 ) to HCDfU)

~C-4

4-I1

-4 -4 'ICJ

0l U) H00-4 )>
4- 0 2Imp 41t

E-4 0 > 0 4 J-J.-0 CD
rq 41 - 0 Cfli flr- HC4

0 :jr H-I 4j 4 0cO U a) 44 .
C) H ~ 41 01 S-4 U0 04-J

0 Z.4C O- U 00U~ 0(d
Cl 00 C U H 0 4' (o 14 urH

1 . cOO HC ,.C) - >1
C 4) 41 r-4 U4- 41 q 3:

04-)H- 4- r4 0 5O ,- Hcoa H0 o -- H

q0 0 -q U)q P- r: CDIW (
0 (-4 co 0 :6 0 0 u rd r.-

C. (L) H4:j'. I= u HOHO(00ww0 p0

04 E- w 100)0z)i

00

0 r4

H H 1

z .0 10Q (0co
H- I$4C t - H~,- *rj 0

00) 4 : 41j H

rd a) a)1( 0~ '04- a) (04

0 U C0 0 0(o132 Cd
.4-q4 4 01 - 4 -4.4$)

H *0I 4 0 4.1 0j r. H.po
0r d WQ d 0 Q)4 H > U)

0 14 W0014 4J 40 -4 $4g HO
0 0J a 4) wJJ w C )4 - )l oO

00 04J0 004. u 0000
.r P40 H0, 0, 4 44 P-4 P4-H4

4 * *>*

'I, Id 14

a) 0 (n :3:0
(0$4) u U *H .2 0O-
P0 4 0 41 ()4 r-

W c 4-' (V 0 0 0 ci

,01 E-4 *
0 en)

B2- 19



4-. 4 ,

0 r4 0.4

:3J 4Ja 104

000"406

4 04bO. A 00i
41

P 0 0

- 0- -dj - V .C

m 4 wqM"-A A -

.9.4 cs00 C: C -4-

0 W 44- 0 0 0 0 0: 3-
'-4 - ~0 0 41t q0 0 - A . )1

0 "4 q4 4 ) &J 0 "40JC v40 ".-P4 ~ ~ ~ ~ .a.0Nw c 4 1 c :c

-% ce 0 Aa1r4 jco r0 V4 4

0. tv 60 . 1- ac 0 ac c4

t~~~~-. 
t-4t..O. w 04 u4

*4& 1 0 1: 0 40 4

C44 C4

$44 co

cc 00 ccP

$4 1-.4 60 w c
PLO co 0 0) t 94)

u di WO. OS. DOS. 4) 140 0 00
".4 V 0 w V-4 0),- a 0) ;
a1, $4C 0$ ) t

0 0 to9-

4

0Vo41 "4 w ".4 go -4 " o 1 " nc
41.0 .I4 co $4 . 0 4J9 1d, -400-"

U)14 :to 4 0 uC 0 u u f Go 4 9: PC 0 0 4
%.'41.941 Cd F-4 .4 .94) "94 0d4Cd 44 U0
0 d 9d4)W 4 W4 w..k.4 W .0 W 4 UC 0

.0 * 0 00 z1. )4 "-* M1..0-4 4 U U$4 4UV
$4 p 1-4 ~" t- 8 rw .. 4.94y

1.4- j.4 3-

B2-20



co 4 W a
a)0 r-4

$4 a)4-4 L

co Q-i 41-r

10 0i) 00

0 t0o 41 z 0 0

0

41 60 *H
144490

H '4-4 0 W.o ")O 1

0 01H 4a- oP'(tot 0 (1 -1 (a

444 41 ()(o- U o rq - 2 1- U6 W~Cl4 Q (

W 1t o 4 0 C-4 -H ) 0 co p- rp a) vs~(JC~ (
:j.j00)U-i 41~ 0ic P) $c W 0 4I~i)C0( $4 <0)z

r-I~ ci- WOCO zO4~ t; W o 4 P :c o00

E4 0 0)> % 0 (nb W ) cci ) 0 " H ()44 140 *

2 pjZ.sci W*- lid r4 a)O 0~L* .a)
0) to4 >4i cPcc 44 W4.Jc Enl-dQ 1 c9c

0PLO 00 a4c0- W Wl rq 0UU> 0 W :W S4 cO4H(

0 0cin > 0)). ElC~ 4H4O44-0W ) 4- a)

-4 a) 14 WJ'WO 00 (L) 00 1 W0i0440 a: o 4W
Q~)~ ) HH 0 HO>4 0 -Hc 0 3H(ZlHU two

>~: i )Q a c )" 4C

0 0) A~ u 04 a) W4 w 0 W 14 ~ -4 )

IUI 0144

E- HH-)0 01 U4

0 0 p4~ 1
Cr) 0 p0 UcO 40Otl1

4-) ..- q ac) 0) cO ) 0
'4-a # ciO0 H 144

-d 4 0 4) H 0) l10 4-ri

a)) 0o() 0 :4
(d (3 0 i 9 C9o1

00

H H

z W Q) C -I

HO) Z 0)4W Q Ci)
4J -Cz4 0)C!

0 E-
P4

B2-2 1



Ci-H( 0 H
0)1 0f 0 0

00~ 4 p co

$4 $4OJ 0
cd. UJ W. W.W 0

0i4: "~W O H~ 0
C, w w 0 -4 J .Q 0

a 141t0o 14 0 -4 W w-U
.W ~ ~ ~ ~ ~ Cr 01$ A' .> > 1 H

4~ 0 ) . ,) o dwwc
4o 4J 0 4 4J M

00

Hf 444Cf
41.

0D

o r4I 0

.O 0 00n z

H 0 S.4 ~4C 0

0 0)4))-J

00~C

rP6 P r)
E~: 0-4 -4

0 $

0 o 01(

0l

* *f

44 4.B2-2 2



The greatest possible rangC- of solutions to a given problem was

examined to determine the most feasible solution. The proposed

solution(s) and other measures considered are summarized in the

"Engineering Problems/Alternative Solutions Tables." Each problem

was assigned individually or jointly to one or more U.S. Government

agencies to provide the technical analysis of possible solutions and

recommendations for thhe most feasible solution(s). The agenicies

which were assigned these responsibilities were:

U.S. Army Corps of Engineers, Detroit District

U.S. Coast Guard

U.S. Army Cold Regions Research and Egineering Laboratory

St. Lawrence Seaway Development Corporation

Maritime Administration

National Oceanic and Atmospheric Administration, Great Lakes

Engineering Research Laboratory

U.S. Fish and Wildlife Service

The development and examination of feasible solutions which led

ultimately to the recommended solutions(s) to a given problem

included technical and economic inputs as well as pnssible

environmental and social impacts to the extent they were known at

that time. Where possible, the choice of recommended solutions to a

problem and/or the construction details and methods were altered to

accommodate these known environmental and social impacts. As

po.3sible enviromental and social impacts are identified, improved

solutions would be sought.
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PRIOR AND ON-GOING STUDIES AND REPORTS

Summaries of publications and reports being used as references -br

that are directly related to the extended season navigation study,

including documents prepared under the Demonstration Program, are

presented in the following list:

1. Survey Report on Great Lakes and St. Lawrence Seaway

Navigation Season Extension (Feasibility Study - 1969). This study,

authorized by Section 304 of the River and Harbor Act of 1965, is a

preliminary investigation outlining the existing and prospective

commerce and vessel fleet, difficulties attending winter navigation,

methodology considered to extend the navigation season, and general

costs and benefits derived from winter navigation on the Great Lakes.

It concludes that future extension of the navigation season is

economically justifiable, based on preliminary cost figures. A large

benefit will accrue to the movement of overseas general cargo. It

stresses that adequate vessel design and preparation, to provide a

reasonable degree of independent ice operation, is an essential

requisite to successful ice navigation. The study presents a

recommendation for further study.

2. Great Lakes-St. Lawrence Seaway Navigation Season Extension

Demonstration Program. This program, authorized by Section 107(b) of

the River and Harbor Act of 1970 and directed by the "Winter

Navigation Board", is aimed at demonstrating the practicability of

extending the navigation season on the Great Lakes-St. Lawrence

Seaway System. Four annual reports displaying the annual activities

and achievements since 1971 have been prepared by the Board, A

Special Status Report on the first three years of the program was

sent to Congress in February 1975. Another report on the findings

and conclusions of the Demonstration Program through the winter

1975-76 was completed in May 1976. The overall conclusion is that

the practicability of navigation season extension on the upper four
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Great Lakes system has been successfully demohstrated. However,

further demonstration activities should be conducted in the St.

Lawrence River portion of the system, and certain problem areas in

the Great Lakes portion need further investigation. The Final

Demonstration Report submitted by the Division Engineer, North

Central Division, to the Chief of Engineers on 26 September 1979.

3. Great Lakes-St. Lawrence Seaway Navigation Season Extension,

Interim Feasibility Study (House Document No. 96-181). This study

report was forwarded on 3 August 1979 to the Congress, by the

Secretary of the Army for its information. It consists of three

volumes and was prepared by the Detroit District, U.S. Army Corps of

Engineers. Volumes II and III contain supporting data to the main

report (Volume I). The study recommends the feasibility of extended

season navigation on the upper four Great Lakes, Lakes Superior,

Michigan, Huron, and Erie, and their connecting channels, to 31

January, plus or minus two weeks, using existing and proven

operational measures.

4. Feasibility Study - Sault Ste. Marie Lock System Evaluation.

The purpose of this study is to reevaluate the capacity and

serviceability of the existing system in relation to the most

probable future conditions and to determine the best judgment

concerning the future of the lock system. This study, under the

authority of the River and Harbor Act of 1909, has been deferred

indefinitely, pending further review. The Detroit District, U.S.

Army Corps of Engineers, has the responsibility for this study.

5. Great Lakes Connecting Channels and Harbors Study. This is a

comprehensive survey scope study with a view to determining the

a',,isability of further improvements in the Great Lakes Connecting

Channels and Harbors in the interest of present and prospective deep-

draft commerce. The Revised Plan of Study was issued in August 1975,

and the second issue in May 1978. The study, being conducted by

Detroit District, U.S. Army Corps of Engineers, is currently

scheduled for completion in Fiscal Year 1984. The authority for this

study evolves from two separate resolutions of the Senate Committee
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on Public Works and a resolution of the Committee on Public Works and

Transportation, House of Representatives.

6. Great Lakes Basin Framework Study. This study was conducted

by the Great Lakes Basin Commission. There are 24 appendixes to the

Framework Study, each of which describe studies of a specific area

associated with economic, social, environmental, and physical fields

related to the Great Lakes Basin. Appendix C-9 to this report

relates to commercial navigation on the Lakes. It concludes that the

Great Lakes-St. Lawrence River system is a low cost transportation

facility essential to the economic vitality of the Great Lakes Region

that is presently underutilized. However, the capacity of the

e-isting Welland Canal and Seaway may be reached by 1990. It

recommends every effort should be made to improve the efficiency of

the present system and every reasonable effort should be made to

extend the length of the navigation season. The basis for the

Franmaq'ork Study: exerpts from Section 204, Public Law 89-90, and from

Water Resources Council policy statement issued July 22, 1970.

7. Lake Erie - Lake Ontario Waterway Study. This study

considers the implementation of a five-lock United States waterway

connecting the two lakes. A feasibility report, dated October 1973,

was prepared by Buffalo District, U.S. Army Corps of Engineers, The

report concluded the waterway was environmentally and technically

feasible but was not economically justified based solely on

transportation savings. Future consideration will be given this

project from a systems standpoint and will be included in an upcoming

lock study. This study was authorized by series of resolutions: of

the Committee on Public Works, U.S. Senate, 6 May 1958; Committee on

Publiic Works, House of Representatives, 16 July 1958; Committee on

Public Works, House of Representatives, dated 24 August 1961, and 11

December 1969.

B2-26



8. Great Lakes Harbors Study. The final report, dated November

1966, together with 38 interim reports, contain the economic and

physical data and analyses used to justify improvements made during

the late 1950's and early 1960's. Included are recommendations that

30 harbors be improved and one harbor be built to provide a 27-foot

safe draft depth commensurate with the 27-fkot depths provided in the

connecting channels, the Weiland Canal, and the St. Lawrence River.

The report was submitted in response to resolution by the Committee

on Public Works, United States Senate, adopted 18 May 1956, and by

the Committee on Public Works, House of Representatives, United

States, adopted 29 June 1956.

9. Great Lakes Region Inventory Report National Shoreline Study.

This study, dated August 1971, was prepared by the North Central

Division, U.S. Army Corps of Engineers, and is an appraisal

investigation to define the order of magnitude of the region's shore

erosion problems as part of the total national study. The report

describes the physical and economic character of the Great Lakes

Region and summarizes the shoreline condition, uses, ownership,

flooding, and erosion areas. The report also suggests suitable types

of erosion protection and provides preliminary cost estimates for

such protection. This report was prepared under the Authority of

Section 106 of Public Law 90-483 (August 13, 1968).

10. The Great Lakes and St. Lawrence Seaway Study of Insurance

Rates. As part of the overall study on navigation season extension, a

report on insurance rates was prepared by the Maritime Administration

of the U.S. Department of Commerce. The report, dated June 1972,

details the physical risk, risk management, and insurance costs

attendant to an extension of the navigation season. The study

examines the factors that inhibit an extension of the season,

together with methods of countering these factors and legislative

recommendations to implement a government program to provide marine

insurance. This study was authorized by Section 107(c) of the River

and Harbor Act of 1970. The results of the June 1972 report were
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updated in June 1979; the conclusions of this study indicate

insurance rates did not inhibit season extension.

11. Mississippi River Year-Round Navigation Study. This study

addresses the advisability, practicability, means, and economic

justification for providing year-round navigation on the upper

Mississippi River. A preliminary feasibility report was prepared in

September 1973 by the North Central Division, U.S. Army Corps of

Engineers. The preliminary findings recommend that further study be

undertaken to extend winter navigation on the upper Mississippi to

provide a year-round season to Burlington, Iowa, and 40 week season

upstream to Cassville, Wisconsin. An Economic Analysis Draft was

done in June 1979. This study was authorized by the Committee on

Public Works, U.S. Senate, 6 April 1966, and Resolution dated 5 May

1966, House of Representatives.

12. Great Lakes Water Levels Study. This study, conducted under

the auspices of the International Joint Commission, evaluates various

alternative regulation schemes for the Great Lakes-St. Lawrence

Seaway System, with corresponding benefit-cost analyses for each

plan. There has been published a main report, entitled "Regulation of

the Great Lakes Water Levels, 7 December 1973", which includes seven

supporting appendixes: (A) Hydrology and Hydraulics, (B) Lake

Regulation, (C) Shore Property, (D) Fish, Wildlife, and Recreation,

(E) Commercial Navigation, (F) Power, and (G) Regulatory Works.

Appendix E, Commercial Navigation, assesses the potential benefit or

loss to shipping resulting from changes in lake level regimes and

evaluates the economic effects on navigation resulting from regime

changes that would take place under selected regulation plans. A new

report is being done under two new References, 1977; no data is yet

available. The report was prepared under the Reference to the

International Joint Commission of October 7, 1967.

B2-28



13. Navigation Season Extension Studies-Gulf of St. Lawrence to

Great Lakes. These are a series of yearlyrepotts prepared by the'

Canadian Marine Transportation Administrationi Ministiy of Transport,

Canada, on the studies of their efforts of winter data collection on

ethe Great Lakes-St. Lawrence System. Included are studies on.ice

conditions and thickness, shore observations, hydrometeorological

data, ice breaker operations, and operational problems. They are

intended to be compared with past and possible future studies

pertaining to extending the navigation season.

14. St. Lawrence Seaway Additional Locks Study. This study is

to determine the adequacy of the existing locks in the St. Lawrence

Seaway and the advisability of their enlargement or augmentation by

the construction of additional or duplicate locks, in view of the

needs for the present and anticipated heavy volume of commerce using

the waterway. The study. being conducted by Buffalo District, U.S.

Army Corps of Engineers, is currently scheduled for completion in

Fiscal Year 1983. This study was authorized on 15 June 1966 by the

Committee on Public Works, U.S. Senate, by a Resolution.
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